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(54) Fine fiber-reinforced thermoplastic elastomer composition and process for producing same 



(57) A fine fiber-reinforced elastomer composition 
(A) having a high elastic modulus, mechanical strength 
and creep resistance includes (a) 1 00 parts by weight of 
elastic component having a glass-transition tempera- 
ture of 0°C or less, (b) 30 to 500 parts by weight of a 
polyolefin component and (c) 10 to 500 parts by weight 
of a polyamide component dispersed in the fine fiber 
form in the matrix consisting of the components (a) and 
(b), these components (a), (b) and (c) being chemically 
bonded to each other through a binding agent (d), for 
example, a silane coupling agent, and is useful for pro- 
ducing an elastic material having a high elastic modu- 
lus, an excellent fatigue resistance and a high isotropy 
by admixing an additional elastic component (B) to the 
elastomer composition (A). 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to a fine fiber-reinforced thermoplastic elastomer composition, a process for produc- 
ing the thermoplastic elastomer composition, a fine fiber-reinforced elastic material and a process for producing the 
elastic material. 

10 More particularly, the present invention relates to a fine fiber-reinforced thermoplastic elastomer composition in 
which a matrix comprising an elastic component and a polyolefin component is reinforced by a fine fibrous polyamide 
component, a process for producing the thermoplastic elastomer composition at a high efficiency, a fine fiber-reinforced 
elastic material comprising the thermoplastic elastomer composition and an additional elastic component, having excel- 
lent elastic modulus, tensile strength, and processability, and a process for producing the elastic material. 

15 The fine fiber-reinforced elastomer composition and elastic material are useful for producing outside parts, for 
example, tread and side wall, of a tire, inside parts, for example, a carcass, braded edge, belt and chafer, of a tire, and 
industrial products, for example, hoses, belts, rubber rolls, and rubber crawlers. 

2. Description of the Related Art 

20 

It is known that polyolefin resin materials, for example, polypropylene and ethylene-propylene copolymer materials, 
are widely used for forming bumpers and trim of motorcars and casings and parts of home electric appliances. 

In most of these polyolefin resin materials, an elastic polymer, for example, EPDM (ethyl ene-propylenediene terpol- 
ymer) is blended to enhance the impact strength thereof. 
25 For example, Japanese Unexamined Patent Publication (Kokai) No. 01-104,636 discloses a polymer composition 
comprising a polypropylene resin and an ethylene-propylene copolymeric rubber which are graft-bonded to an organic 
short fibrous material through a coupling agent. 

Also, Japanese Examined Patent Publication (Kokoku) No. 02-248,448 discloses a thermoplastic resin composition 
comprising a thermoplastic resin and a mixture of a chlorinated polyethylene and short fibrous polyamide. 
30 Further, Japanese Unexamined Patent Publication (Kokai) No. 2-251 ,550 discloses a fiber-reinforced composition 
comprising chlorinated polyethylene and a polyamide in the form of fine fiber and dispersed in the chlorinated polyeth- 
ylene. 

Conventional fiber-reinforced elastomeric materials comprise a composition comprising short fibers dispersed in a 
vulcanizable rubber material, for example, natural rubber polyisoprene, polybutadiene rubber or ethylene-propylene 

35 copolymeric rubbers, to enhance the elastic modulus and mechanical strength thereof. The conventional fiber-rein- 
forced elastomeric materials are produced by blending an elastomeric material with short fibers comprising nylon, pol- 
yester or water-insolubilized polyvinyl alcohol, and optionally vulcanizing the blend. 

The conventional fiber-reinforced elastomeric materials produced by the above-mentioned method are unsatisfac- 
tory in mechanical strength and elongation when used as a material for forming tires of motorcars. Accordingly, there is 

40 a demand for a new fiber-reinforced elastomeric material having an enhanced mechanical strength and elongation. 

In response to this demand, there have been made attempts to provide an improved elastomeric material rein- 
forced by using fine short fibers, for example, nylon fibers, having an average thickness of less than one |mm. This type 
of fiber-reinforced elastomeric material can be produced by melt-kneading a mixture of a vulcanizable rubber material, 
a nylon resin and a binding agent at a temperature equal to or higher than the melting temperature of the nylon resin, 

45 extruding the kneaded melt through an extruding die at a temperature equal to or higher than the melting temperature 
of the nylon resin to form a thread, and drawing or press-rolling the thread. Optionally, the mixture is further admixed 
with a vulcanizing agent, and the drawn or press-rolled material is vulcanized. This type of process is disclosed in Jap- 
anese Unexamined Patent Publication (Kokai) No. 58-79037 in which a precondensate of a resol type alkyl phenol-for- 
maldehyde resin is used as a binding agent, or Japanese Unexamined Patent Publication (Kokai) No. 59-43,041 in 

so which a precondensate of a novolak type alkylphenol -formaldehyde resin is used as a binding agent, or in Japanese 
Unexamined Patent Publication (Kokai) No. 63-81 ,137 in which a silane coupling agent is employed as a binding agent. 

In the conventional elastomeric materials, it is known that when an elastic polymer is blended into the polyolefin 
resin, the resultant blend material exhibits a reduced rigidity and mechanical strength, a decreased stress at yield and 
a decreased creep resistance. To prevent the reduction in the rigidity, mechanical strength, stress at yield and creep 

55 resistance, glass fibers and/or an inorganic filler is blended, in addition to the elastic polymer, into the polyolefin resin. 
However, an increase in the content of the glass fibers or the inorganic filler causes the resultant shaped article to 
exhibit an unpleasant appearance and an increased specific gravity. Generally, the conventional fiber-reinforced elas- 
tomer compositions are advantageous in not only having an excellent tensile strength and elastic modulus, but also in 
having a high tear strength and a high elongation. However, the conventional fiber-reinforced elastomer composition is 
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disadvantageous in that since the fine fibers, for example, fine nylon fibers, are dispersed in an elastic matrix, the result- 
ant composition is difficult to pelletize and thus can be produced only in the form of a sheet or lumps. Also, the conven- 
tional fiber- reinforced elastomer composition is disadvantageous in that when the reinforcing fibers, for example, nylon 
fibers are mixed in a large amount, the resultant composition becomes too stiff. 

5 Due to the above disadvantages, the conventional elastomer composition must be cut by hand when it is admixed 

with additional vulcanizable elastic material and/or vulcanizing agent. Also, sometimes, the reinforcing fibers and the 
additional vulcanizable elastic material are difficult to evenly disperse in the elastomer composition. To prevent these 
disadvantages, it is necessary to prolong the melt-kneading time or to admix additional vulcanizable elastomeric mate- 
rial or other additive into the elastomer composition after softening the elastomer composition by heating. This neces- 

10 sity results in a decrease in productivity of the fiber-reinforced elastomer composition and in increase in production cost. 
The conventional fiber-reinforced elastomer composition is advantageous in having a high elastic modulus and 
fatigue resistance in the orientation direction of the reinforcing fibers. However, the conventional fiber-reinforced elas- 
tomer composition is disadvantageous in that the elastic modulus and fatigue resistance in a direction at a right angle 
to the orientation direction of the reinforcing fibers in the composition are significantly low. 

15 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a fine fiber-reinforced thermoplastic elastomer composition having 
an enhanced impact strength, rigidity, mechanical strength, creep resistance and a low specific gravity a process for 
20 producing the thermoplastic elastomer composition, a fine fiber-reinforced elastic material comprising the thermoplastic 
elastomer composition, and a process for producing the elastic material. 

Another object of the present invention is to provide a fine fiber-reinforced thermoplastic elastomer composition 
which can be produced at a high productivity at a low cost and having an excellent elastic modulus and fatigue resist- 
ance not only in the direction parallel to the orientation direction of the reinforcing fibers but also in the direction at a 
25 right angle to the orientation direction of the reinforcing fibers, a process for producing the thermoplastic elastomer 
composition, a fine fiber-reinforced elastic material comprising the thermoplastic elastomer composition, and a process 
for producing the elastic material. 

The fine fiber-reinforced elastomer composition of the present invention, comprises 

30 (a) 100 parts by weight of an elastic component comprising at least one elastic polymer having a glass-transition 
temperature of 0°C or less; 

(b) 30 to 500 parts by weight of a polyolef in component comprising at least one polyolef in; and 

(c) 10 to 500 parts by weight of a polyamide component comprising at least one thermoplastic amide polymer hav- 
ing amide group-containing recurring units, 

35 

the polyamide component (c) being in the form of fine fibers and dispersed in a matrix formed from the elastic 
component (a) and the polyolef in component (b), and the elastic component (a), the polyolef in component (b) and the 
polyamide component (c) being chemically bonded to each other, through at least one binding agent (d). 

The process of the present invention for producing a fine fiber-reinforced thermoplastic elastomer composition 
40 comprises the steps of: 

(1) melt-kneading a mixture comprising (a) 100 parts by weight of an elastic component comprising at least one 
elastic polymer having a glass-transition temperature of 0°C or less, (b) 30 to 500 parts by weight of a polyolefin 
component comprising at least one polyolefin and (d) a binding agent, at a temperature equal to or higher than the 

45 melting temperature of the mixture, to provide a matrix mixture; 

(2) further kneading the matrix mixture together with (c) 1 0 to 500 parts by weight of a polyamide component com- 
prising at least one thermoplastic amide polymer having amide group-containing recurring units, at a temperature 
equal to or higher than the melting temperature of the polyamide component (c), to provide a precursory composi- 
tion in which the polyamide component (c) is dispersed in the form of fine particles in the matrix mixture, and 

so (3) extruding the precursory composition through an extruding die at a temperature equal to or higher than the melt- 
ing temperature of the polyamide component (c), while cooling and drawing or press-rolling the extruded precur- 
sory composition at a temperature lower than the melting temperature of the polyamide component (c), to form the 
polyamide component (c) into fine fibers dispersed in a matrix comprising the elastic component (a) and the poly- 
olefin component (b) and to cause the components (a), (b) and (c) to be chemically bonded to each other through 

55 the binding agent (d). 

The fine fiber-reinforced elastic material of the present invention comprises 

(A) the fine fiber-reinforced thermoplastic elastomer composition as mentioned above, and 
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(B) an additional elastic component comprising at least one elastic polymer having a glass-transition temperature 
of 0°C or less, and knead-mixed with the fine fiber-reinforced thermoplastic elastomer composition (A), 

with respect to 100 parts of the total weight of the elastic component (a) and the additional elastic compo- 
nent (B), the polyolefin component (b) being present in an amount of 1 to 40 parts by weight, and the polyamide 
5 component (c) being present in an amount of 1 to 70 parts by weight. 

The process of the present invention for producing the fine fiber-reinforced elastic material, comprises knead-mix- 
ing the fine fiber-reinforced thermoplastic elastomer composition (A) as mentioned above with an additional elastic 
component (B) comprising at least one elastic polymer having a glass-transition temperature of 0°C or less, at a tem- 
10 perature equal to or higher than the melting temperature of the polyolefin component (b) and lower than the melting 
temperature of the polyamide component (c), 

with respect to 100 parts of the total weight of the elastic component (a) and the additional elastic component 
(B), the polyolefin component (b) being present in an amount of 1 to 40 parts by weight, and the polyamide component 
(c) being present in an amount of 1 to 70 parts by weight. 

15 

BRIEF DESCRIPTION OF THE INVENTION 

Figure 1 shows chemical reactions between elastic component (a), a polyolefin component (b) modified with a 
silane coupling agent (d), and a polyamide component (c) modified with a silane coupling agent (d'), 
20 Fig. 2 is a graph showing stress-strain curves of the sheets made from the fiber-reinforced elastomer compositions 
of Example 2 and Comparative Example 1 , 

Fig. 3 is a microscopic photograph showing fine fibers of the polyamide component (c) dispersed in the fine fiber- 
reinforced elastomer composition sheet of Example 1 . 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The fine fiber-reinforced elastomer composition of the present invention comprises: 

(a) 1 00 parts by weight of an elastic component, 
30 (b) 30 to 500 parts by weight of a polyolefin component, and 

(c) 10 to 500 parts by weight of a polyamide component in the form of fine fibers and dispersed in a matrix formed 
from the elastic component (a) and the polyolefin component (b). 

The elastic component (a) comprises at least one elastic polymer having a glass transition temperature of 0°C or 

35 less, preferably from -1 20°C to -20°C. 

The elastic polymer usable for the elastic component (a) is preferably selected from the group consisting of natural 
rubber; poly-aliphatic diene elastomers, for example, isoprene rubber, butadiene rubber, styrene-butadiene copolymer 
rubbers, acrylonitrile-butadiene copolymer rubbers, butyl rubbers, chlorinated butyl rubbers, bromated butyl rubbers, 
acrylonitrile-chloroprene copolymer rubbers, acrylonitrile-isoprene copolymer rubbers, acrylate-butadiene copolymer 

40 rubbers, vinyl pyridine-butadiene copolymer rubbers, vinyl pyridine-styrene-butadiene terpolymer rubbers, styrene- 
chloroprene copolymer rubbers, styrene-isoprene copolymer rubbers, carboxylated styrene-butadiene copolymer rub- 
bers, carboxylated acrylonitrile-butadiene copolymer rubbers, styrene-butadiene block copolymers, styrene-isoprene 
block copolymers, carboxylated styrene-butadiene block copolymers, and carboxylated styrene-isoprene block copoly- 
mers; polyolefin elastomers, for example, ethylene-propylene copolymer rubbers, ethylene-propylene-diene terpoly- 

45 mers, ethylene-butene copolymer rubbers, ethylene-butene-diene terpolymers, chlorinated polyethylene and 
chlorosulfonated polyethylene; polymethylene elastomers having polymethylene group as a backbone chain, for exam- 
ple, acrylic rubbers, ethylene acrylic rubbers, poly chloro-trifluoroethylene, fluorine-containing rubbers, and hydrogen- 
ated acrylonitrile-butadiene rubbers; elastomers having an oxygen atom-containing organic group as a backbone 
chain, for example, epichlorohydrin polymer, ethylene oxide-epichlorohydrinallylglycidylether terpolymers and propyl- 

50 ene oxide-allylglycidylether copolymers; silicon rubbers, for example, polyphenylmethylsiloxane, pol yd i methyl si loxane, 
polymethylethylsiloxane, and polymethylbutylsiloxane; and elastomers having a nitrogen and oxygen atom-containing 
organic group as a backbone chain, for example, nitroso rubbers, polyesterurethane rubbers and polyetherurethane 
rubbers. 

Also, the elastic polymers usable for the elastic component (a) include epoxy; silane or maleic acid-modification 
55 products of the above-mentioned elastic polymers. 

Further, the elastic polymers usable for the elastic component (a) are preferably selected from thermoplastic sty- 
rene block copolymers, olefinic elastomers, urethane elastomers, polyester elastomers, polyamide elastomers, 1 ,2- 
polybutadiene elastomers and vinyl chloride elastomers. 

The polyolefin component (b) comprises at least one polyolefin. The polyolefin component preferably has a melting 
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temperature of 80°C to 250°C or a Vicat softening temperature of 50°C to 200°C. 

The polyolefin usable for the polyolefin component (b) is preferably selected from homopolymers and copolymers 
of olefins having 2 to 8 carbon atoms; copolymers of at least one olefin having 2 to 8 carbon atoms with at least one 
member selected from the group consisting of aromatic vinyl compounds, for example, styrene, chlorostyrene and a- 
methylstyrene, vinyl acetate, acrylic acid, acrylic acid esters, methacrylic acid, methacrylic acid esters and vinyl silane 
compounds; and halogenated polyolefins. 

Particularly, the polyolefin is preferably selected from the group consisting of high density polyethylenes, low den- 
sity polyethylenes, polypropylene, propylene-ethylene block copolymers, ethylene-propylene random copolymers, lin- 
ear low density polyethylenes, poly 4-methylpentene-1, polybutene-1 , polyhexene-1, ethylene-vinyl acetate 
copolymers, ethylene-vinyl alcohol copolymers, ethylene-acrylic acid copolymers, ethylene-methyl acrylate copoly- 
mers, ethylene-ethyl acrylate copolymers, ethylene-propyl acrylate copolymers, ethyl en e-butyl acrylate copolymers, 
ethylene-2-ethylhexyl acrylate copolymers, ethylene-hydroxyethyl acrylate copolymers, ethylene-vinyl trimethoxysilane 
copolymers, ethylene-vinyl triethoxysilane copolymers, ethyl ene-vinylsilane copolymers, ethyl en e-styrene copolymers, 
chlorinated polyethylenes, bromated polyethylenes, and chlorosulfonated polyethylenes. 

More preferably, the polyolefin is selected from the group consisting of high density polyethylenes, low density pol- 
yethylenes, polypropylene, ethylene-propylene block copolymers, ethylene-propylene random copolymers, linear low 
density polyethylene, poly 4-methylpentene-1 , ethylene-vinyl acetate copolymers, and ethylene-vinyl alcohol copoly- 
mers. Among the above-mentioned polymers, the polyolefins having a melt flow index of 0.2 to 50g/10 min are most 
preferable for the polyolefin component (b). 

The above-mentioned polyolefins may be employed alone or in a mixture of two or more thereof. 

The polyamide component (c) comprises at least one thermoplastic amide polymer having amide group-containing 
recurring units in a backbone chain and preferably having a melting temperature of 135°C to 350°C, more preferably 
160°Cto 265°C. 

The amide polymer usable for the polyamide component (c) is preferably selected from thermoplastic polyamides 
and polyureas. More preferably, the thermoplastic polyamides are employed for the polyamide component (c), because 
the thermoplastic polyamides can form tough fibers by melt-extruding and drawing procedures. 

The thermoplastic polyamide usable for the polyamide component (c) is preferably selected from the group consist- 
ing of nylon 6, nylon 66, nylon 6-nylon 66 copolymers, nylon 610, nylon 612, nylon 46, nylon 1 1 , nylon 12, nylon MXD6, 
polycondensates of xylylenediamine with adipic acid, polycondensates of xylylenediamine with azelaic acid, poly- 
condensates of xylylenediamine with sebacic acid, polycondensates of tetramethylenediamine with terephthalic acid, 
polycondensates of hexamethylenediamine with terephthalic acid, polycondensates of octamethylenediamine with 
terephthalic acid, polycondensates of trimethyl-hexamethylenediamine with terephthalic acid, polycondensates of 
decamethylenediamine with terephthalic acids, polycondensates of undecamethylenediamine with terephthalic acid, 
polycondensates of dodecamethylenediamine with terephthalic acid, polycondensates of tetramethylenediamine with 
isophthalic acid, polycondensates of hexamethylenediamine with isophthalic acid, polycondensates of octamethylene- 
diamine with isophthalic acids, polycondensates of trimethylhexamethylenediamine with isophthalic acid, polyconden- 
sates of decamethylenediamine with isophthalic acid, polycondensates of undecamethylenediamine with isophthalic 
acid and polycondensates of dodecamethylenediamine with isophthalic acid. 

Among the above-mentioned thermoplastic polyamides, more preferably, at least one member selected from nylon 
6, nylon 66, nylon 6-nylon 66 copolymers, nylon 610, nylon 612, nylon 46, nylon 11, and nylon 12 is more preferably 
employed for the polyamide component (c). 

The thermoplastic polyamide preferably has a molecular weight of 10,000 to 200,000. 

In the thermoplastic elastomer composition of the present invention, a mixture of the elastic component (a) with the 
polyolefin component (b) forms a matrix, and the polyamide component (c) is dispersed in the form of fine fibers in the 
matrix. 

In the matrix, the elastic component (a) is dispersed in the form of a plurality of islands in a sea consisting of the 
polyolefin component (b). Also, in the matrix, the elastic component (a) and the polyolefin component (b) are preferably 
chemically bonded at the interfaces between the components (a) and (b) to each other through the binding agent (d). 

As mentioned above, a major portion of the polyamide component (c) dispersed in the matrix is in the fine fiber 
form. Preferably, 70% by weight or more, more preferably 80% by weight or more, still more preferably 90% by weight 
or more, of the polyamide component (c) is dispersed in the fine fiber form in the matrix. 

The fine fibers of the polyamide dispersed in the matrix preferably have an average thickness of 1 jum or less, more 
preferably 0.05 to 0.8 jtim and an average aspect ratio (ratio of fiber length to fiber thickness) of 10 or more. 

Preferably, the polyamide component (c) is chemically bonded to the elastic component (a) and the polyolefin com- 
ponent (b) at interfaces between the components through the binding agent (d'). The binding agent (d') for the polya- 
mide component (c) may be the same as or different from the binding agent (d) for the elastic component (a) and the 
polyolefin component (b). 

The percentage of a portion of the component (c), bonded to the components (a) and (b) is preferably 0.1 to 20%, 
more preferably 0.5 to 10%, based on the total weight of the component (c). The binding percentage of the polyamide 



5 



EP0 760 385 A1 



component (c) is determined by the following method. 

A fine fiber-reinforced thermoplastic elastomer composition of the present invention is treated with a solvent capa- 
ble of dissolving only the elastic component (a) and the polyolefin component (b), for example, xylene, while refluxing, 
to remove the components (a) and (b), and the weight W c of the remaining polyamide component (c) is measured. 
5 Then the percentage of the W c based on the total weight W co of the polyamide component (c), namely 

W c /W co x 100 , is calculated. This percentage is referred to as a binding percentage of the polyamide component (c), 
hereinafter. 

The chemical bonding of the polyamide component (c) to the elastic component (a) and the polyolefin component 
(b) in the thermoplastic elastomer composition of the present invention can be confirmed by the following method. 

10 A fine fiber-reinforced thermoplastic elastomer composition of the present invention is treated with a solvent capa- 
ble of dissolving only the elastic component (a) and the polyolefin component (b), for example, xylene, while refluxing 
the solvent, the remaining polyamide component (c) is dissolved in another solvent and subjected to NMR analysis. In 
the resultant NMR chart, certain peaks derived from the elastic component (a) and the polyolefin component (b) are 
observed. Accordingly, peaks indicate that portions of the elastic component (a) and the polyolefin component (b) are 

15 chemically bonded to the surface portions of the polyamide component fibers (c). The chemical bonds are derived from 
the binding agent (d'). The binding agent (d) and (d 1 ) will be explained in detail hereinafter. 

In the thermoplastic elastomer composition of the present invention, the components (a), (b) and (c) are present in 
the following contents. 

With respect to 100 parts by weight of the elastic component (a), the polyolefin component (b) is present in a con- 

20 tent of 30 to 500 parts by weight, preferably 30 to 300 parts by weight, more preferably 40 to 200 parts by weight. If the 
content of the polyolefin component (b) is less than 30 parts by weight per 1 00 parts by weight of the elastic component 
(a), the resultant fine fiber-reinforced thermoplastic elastomer composition exhibits a low creep resistance. Namely, 
when the resultant elastomer composition is kept under a load for a predetermined time so as to allow it to be elon- 
gated, and then the load is removed, the remaining elongation, that is creep, of the elastomer composition is too large. 

25 Also, when the content of the polyolefin component (b) is more than 500 parts by weight, the resultant fine fiber-rein- 
forced thermoplastic elastomer composition exhibits an unsatisfactory impact resistance. 

The polyamide component (c) is present in a content of 10 to 500 parts by weight, preferably 20 to 400 parts by 
weight, more preferably 30 to 300 parts by weight, per 100 parts by weight of the elastic component (a). If the content 
of the polyamide component (c) is less than 10 parts by weight, the resultant thermoplastic elastomer composition 

30 exhibits an unsatisfactory creep resistant. Also, if the polyamide component (c) content is more than 500 parts by 
weight, the content of the reinforcing fine fibers in the thermoplastic elastomer composition is too small and thus the 
resultant thermoplastic elastomer composition is difficult to mold into a shaped article having a smooth surface. 

The above-mentioned fine fiber-reinforced thermoplastic elastomer composition can be produced by the process 
of the present invention. 

35 In the process of the present invention, 

(1) a mixture comprising (a) 100 parts by weight of an elastic component comprising at least one elastic polymer 
having a glass-transition temperature of 0°C or less, (b) 30 to 500 parts by weight of a polyolefin component com- 
prising at least one polyolefin and (d) a bonding agent, is melt-kneaded at a temperature equal to or higher than 

40 the melting temperature of the mixture, to provide a matrix mixture; 

(2) the resultant matrix mixture is further kneaded together with (c) 10 to 500 parts by weight of a polyamide com- 
ponent comprising at least one thermoplastic amide polymer having amide group-containing recurring units, at a 
temperature equal to or higher than the melting temperature of the polyamide component (c), to provide a precur- 
sory composition in which the polyamide component (c) is dispersed in the form of fine particles in the matrix mix- 

45 ture; and 

(3) the resultant precursory composition is extruded through an extruding die at a temperature equal to or higher 
than the melting temperature of the polyamide component (c), while cooling and drawing or press-rolling the 
extruded precursory composition at a temperature lower than the melting temperature of the polyamide component 
(c), to form the polyamide component (c) into fine fibers dispersed in a matrix comprising the elastic component (a) 

50 and the polyolefin component (b) and to cause the components (a), (b) and (c) to be chemically bonded to each 
other through the binding agent (d). 

In an embodiment of the melt-kneading step (1), for example, the polyolefin component (b) is melt-kneaded 
together with the binding agent (d) to modify the component (b) with the binding agent (d), then the binding agent (d)- 
55 modified polyolefin component (b) is mixed with the elastic component (a), and the mixture is melt-kneaded at a tem- 
perature equal to or higher than the melting temperature of the mixture to further modify the elastic component (a) with 
the binding agent (d) and to provide a matrix mixture. 

In another embodiment of the melt-kneading step (1), the elastic component (a), the polyolefin component (b) and 
the binding agent (d) are mixed altogether and then the mixture is subjected to the melt-kneading procedure. 
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The melt-kneading procedure can be carried out by using a conventional apparatus for melt-kneading resins or rub- 
bers, the melt-kneading apparatus may be selected from Bumbury's mixer, kneaders, knead -extruders, open kneading 
rolls, monoaxial kneaders and biaxial kneaders. In view of the fact that the melt kneading procedure can be continu- 
ously carried out and completed within a short time, the biaxial extrude-kneaders are most preferably employed for the 

5 process of the present invention. 

In the process of the present invention, the binding agent (d) is employed preferably in a content of 0. 1 to 2.0 parts 
by weight, more preferably 0.2 to 1 .0 part by weight, based on 100 parts by weight of the polyolefin component (b). If 
the content of the binding agent (d) is less than 0.1 parts by weight per 1 00 parts by weight of the polyolefin component 
(b), the resultant matrix may exhibit an unsatisfactory mechanical strength. Also, if the content of the binding agent (d) 

10 is more than 2.0 parts by weight, the resultant matrix may exhibit an unsatisfactory elastic modulus. 

The binding agent (d) may comprises at least one member selected from conventional coupling agents for organic 
polymeric materials. The coupling agents include silane coupling agents, titanate coupling agents, phenol-formalde- 
hyde precondensates, for example, novolak type alkylphenol -formaldehyde precondensates, resol type alkylphenol-for- 
maldehyde precondensates, novolak type phenol-formaldehyde procondensates, and resol type phenol-formaldehyde 

is procondensates, unsaturated carboxylic acids, unsaturated carboxylic acid derivatives, and organic peroxides. 

The most preferable coupling agents are silane coupling agents because they cause the elastic component (a) and 
the polyolefin component (b) to be not gelated or less gelated, and to be firmly bonded with each other therethrough. 

The silane coupling agents include vinyltrimethoxysilane, vinyltriethoxysilane, vinyl-tris(p-methoxy-ethoxy)silane, 
vinyl triacetylsilane, y-methacryloxypropyl trimethoxysilane, p-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, y-g'ycidoxy- 

20 propylmethyldimethoxysilane, y-glycidoxypropylmethyldiethoxysilane, y-glycidoxypropylethyldimethoxysilane, N-p-(ami- 
noethyl) aminopropyltrimethoxysilane, N-p-(aminoethyl) aminopropylmethyldimethoxysilane, N-p-(aminoethyl) 
aminopropylethyldimethoxysilane, y-aminopropyltriethoxysilane, N-phenyl-y-aminopropyltrimethoxysilane, y-[N-(p- 
methacryloxyethyl)-N,N-dimethyl-ammonium(chloride)] propylmethoxysilane, and styryldiaminosilane. Among these 
compounds, preferable to silane coupling agents are those having reactive groups which are easily eliminated by 

25 receiving a hydrogen atom from hydrogen atom-containing groups, for example, alkoxyl groups of the compound to be 
reacted with the silane coupling agents, and/or polar groups and vinyl groups. 

The titanate coupling agents usable for the present invention include isopropylisostearoyl titanate, isopropyltri(N- 
aminoethyl)titanate, tetra (2,2-diallyloxymethyl-1-butyl)bis-(ditridecyl)phosphite titanate, bis(dioctylpysophosphate)oxy- 
acetate titanate, isopropyltrioctanoyl titanate, isopropylisostealoyldiacryl titanate, and isopropyldimethacroyldiacryl. 

30 The unsaturated carboxylic acids and unsaturated carboxylic acid derivatives usable for the present invention 
include a.p-unsaturated carboxylic acids, cycloaliphatic unsaturated carboxylic acids, alkenyl carboxylic acid and deriv- 
atives of the above-mentioned carboxylic acids. The unsaturated carboxylic acids and these derivatives are preferably 
selected from acrylic acid, methacrylic acid, maleic acid, fumaric acid, itaconic acid, vinyl benzoic acid, vinylphthalic 
acid, endobicyclo(2,2,1)-5-haptene-2,3-carboxylic acid, di-4-cyclohexene-1,2-carboxylic acid, octadecenylsuccinic 

35 acid, and anhydrides, esters and metal salts of the above-mentioned acids. 

The organic peroxides usable for the present invention includes 1 ,1 -di-tert-butylperoxy-3,3,5-trimethylcyclohexane, 
1,1-di-tert-butylperoxycyclohexane, 2,2-di-tert-butylperoxybutane, n-butyl 4,4-di-tert-butylperoxyvalerianate, 2,2-bis 
(4,4-di-tert-butylperoxycyclohexane)propane, 2,2,4-trimethylpentylperoxyneodecanate a-cumyl peroxyneodecanate, 
tert-butyl peroxyneohexanate, tert-butyl peroxypivalate, tert-butyl peroxyacetate, tert-butyl peroxylaurate, tert-butyl per- 

40 oxybenzoate, and tert-butyl peroxyisophthalate. Among these compounds, preferable organic peroxides are those hav- 
ing a one minute half-life temperature equal to or about 30°C above the melt-kneading temperature, particularly in the 
range of from 80°C to 260°C, more preferably 1 10°C to 200°C. 

In the above-mentioned binding agents, the silane coupling agents are most preferable, because they do not gelate 
or gelate the elastic component (a) and the polyolefin component (b) less. 

45 Where the silane coupling agents are employed as a binding agent, the organic peroxide can be used together with 
the silane coupling agent. The joint-use of the organic peroxide with the silane coupling agent has the following advan- 
tages. 

The organic peroxide causes radicals to be generated on the molecular chains of the polyolefin component (b), and 
the radicals react with the silane coupling agent so as to promote the reaction of the polyolefin component (b) with the 
so coupling agent. 

In this case, the organic peroxide is used preferably in an amount of 0.01 to 1 .0 parts by weight per 100 parts by 
weight of the polyolefin component (b). 

Where the elastic component (a) comprises a natural rubber, polyisoprene, or styrene-isoprene-styrene block 
copolymer, no organic peroxide may be employed. When the elastic polymer, for example, the natural rubber, polyiso- 
55 prene or styrene-isoprene-styrene block copolymer which has a isoprene structure, is kneaded at a high temperature, 
the backbone chains of the polymer are cut due to mechanochemical reactions, and certain peroxide groups having - 
COO • radicals are generated at the terminals of the cut molecules. The peroxide groups have the same function as of 
the organic peroxide. 

In the further kneading step (2) of the process of the present invention, a mixture of the matrix mixture with 10 to 
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500 parts by weight of a polyamide component (c) at a temperature no lower than the melting temperature of the polya- 
mide component (c), to provide a precursory composition. During the further kneading step (2), the polyamide compo- 
nent (c) is dispersed in the form of fine particles in the matrix mixture. Before the further kneading step (2), the 
polyamide component (c) may be modified or may not be modified with a binding agent (d'). 

The modification of the polyamide component (c) with the binding agent (d') can be effected by melt-kneading the 
polyamide component (c) mixed with the binding agent (d') at a temperature equal to or higher than the melting temper- 
ature of the polyamide component (c). 

The binding agent (d') for the polyamide component (c) is selected from the same compounds usable for the bind- 
ing agent (d) for the elastic component (a) and the polyolefin component (b). Also, the binding agent (d') used for the 
polyamide component (c) is the same as or different from the binding agent (d) used for the elastic component (a) and 
the polyolefin component (b). 

Preferably, the binding agent (d') for the polyamide component (c) comprises at least one member selected from 
the group consisting of silane coupling agents, titanium coupling agents, unsaturated carboxylic acids, unsaturated car- 
boxylic acid derivatives, and organic peroxides. 

The silane coupling agents are most preferably employed as the binding agent (d'), because they do not causes 
the polyamide component (c) to be gelated, or cause it to be gelated less. 

The silane coupling agents are selected from those having reactive groups, for example, alkoxyl groups, capable of 
bonding to nitrogen groups in the amide groups (-NHCO-) of the polyamide component (c) by a dehydration reaction or 
alcohol-removal reaction. This type of silane coupling agents are preferably selected from vinylalkoxysilanes, for exam- 
ple, vinyltriethoxysilane, vinyltriethoxysilane and vinyl-tris(p-methoxyethoxy)silane, vinyl triacetylsilane, y-methacryloxy- 
propyl trimethoxysilane, Y-[N-(P- m et n acryloxyethyl)-N,N-dimethyl-ammonium(chloride)] propylmethoxysilane, N-p- 
(aminoethyl)8-aminopropyltrimethoxysilane P and yureidopropyltriethoxysilane and styryldiaminosilane. 

The melt kneading procedure for the polyamide component (c) mixed with the binding agent (d') can be carried out 
by using the conventional melt-kneading apparatus usable for the melt-kneading step (1). 

In the further kneading step (2), the unmodified polyamide component (c), or the modified polyamide component 
(c) with the binding agent (d'), or a mixture of the unmodified polyamide component (c) with the binding agent (d') is 
admixed with the matrix mixture and the resultant admixture is further kneaded at a temperature equal to or higher than 
the melting temperature of the polyamide component (c) which is non-modified or modified one with the binding agent 

When the binding agent (d') is employed, the content of the binding agent (d) is preferably 0.1 to 5.5 parts by 
weight, more preferably 0.2 to 5.5 parts by weight, still more preferably 0.2 to 3 parts by weight, per 1 00 parts by weight 
of the total amount of the polyamide component (c) and the binding agent (d'). 

The binding agent (d') applied to the polyamide component (c) effectively enhances the chemical bond of the polya- 
mide component (c) to the elastic component (a) and the polyolefin component (b) in the matrix, so as to improve the 
creep resistance of the resultant fine fiber-reinforced thermoplastic elastomer composition of the present invention. 

When the content of the binding agent (d') is more than 5.5 parts by weight, the polyamide component (c) may be 
excessively modified and thus may not be formed into fine fibers, and therefore the resultant elastic composition may 
exhibit an unsatisfactory creep resistance. 

Even if the binding agent (d') is not employed, portions of the polyamide component (c) can be chemically bonded 
to the elastic component (a) and polyolefin component (b) modified with the binding agent (d) at the interfaces between 
the components (c) and the components (a) and (b), during the further kneading step. 

Where the elastic component (a) has a certain melting temperature, the further kneading temperature is preferably 
equal to or higher than the melting temperature of the elastic component (a). 

If the further kneading temperature is lower than the melting temperature of the polyamide component (c), the 
polyamide component (c) cannot be dispersed in the form of fine particles in the matrix, and thus in the extruding step 
(3), the polyamide component (c) cannot be dispersed in the form of fine fibers in the matrix. 

Preferably, the further kneading step (2) is carried out at a temperature of at least 30°C above the melting temper- 
ature of the polyamide component (c). 

When the polyamide component (c) is modified with the binding agent (d'), the further kneading procedure (2) is 
carried out preferably by using a conventional melt-kneading apparatus, for example, Banbury mixer, melt-kneader, 
knead-extruder, open kneading roll, monoaxial kneader or biaxial kneader. 

When the polyamide component (c) is not modified with the binding agent (d'), the further kneading step (2) is car- 
ried out preferably using a melt-kneading apparatus capable of kneading at a high shearing speed, for example, Ban- 
bury mixer or a biaxial kneader. 

Where the polyamide component (c) is modified with the silane coupling agent, the -NH group of the polyamide 
component (c) is attached by the silane coupling agent so that a hydrogen atom is withdrawn from the -NH-group and 
the remaining nitrogen atom reacts with the silane coupling to form a nitrogen-silicon bond. Also, the silane coupling 
agent-modified polyamide component (c) is knead-mixed into the matrix mixture, the silane coupling agent residue of 
the modified polyamide component (c) reacts with backbone chains or side chains of the elastomer molecules in the 
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elastic component (a) so as to form nitrogen-silicon-carbon bonds between the polyamide component (c) and the elas- 
tic component (a). Also, the silane coupling-modified polyamide component (c) can react with the polyolef in component 

(b) so as to form nitrogen-silicon-carbon bonds therebetween. 

The resultant precursory composition is subjected to the extruding step (3) in accordance with the process of the 
present invention. 

In the extruding step (3), the precursory composition is melt-extruded through an extruding die, for example, melt- 
spinning orifice or T-die, slit or inflation die, at a temperature equal to or higher than the melting temperature of the 
polyamide component (c) and the extruded precursory composition stream is cooled and drawn or press-rolled at a 
temperature lower than the melting temperature of the polyamide component (c). 

Preferably, the extruding temperature is at least 20°C, preferably 20°C to 50°C, above the melting temperature of 
the polyamide component (c). 

During the melt-extruding procedure, the particles of the polyamide component (c) are connected to fine fibers and 
during the drawing or press-rolling procedure, the fine fibers of the polyamide component (c) are drawn to enhance the 
orientation and the mechanical strength of the fine fibers. The drawing or press-rolling procedure is carried out at a tem- 
perature lower than the melting temperature of the polyamide component (c). 

When the precursory composition is extruded through a melt-spinning orifice, the extruded melt stream in the form 
of a thread or yarn is cooled while being drafted, and the drafted thread is wound around a bobbin or drum. The term 
"drafting" refers to a procedure in which the extruded thread is taken up at a take-up speed higher than the extruding 
speed through the orifice. The draft ratio is a ratio of the take-up speed to the extruding speed. 

In the extruding step (3) of the process of the present invention, the draft ratio is preferably 1 .5 to 100, more pref- 
erably 2 to 70, still more preferably 3 to 50. 

When the draft ratio is more than 1 , the extruded thread is drawn while being cooled. 

The extruded thread may be subjected to a continuous rolling (milling) procedure by using a pressure roll. Other- 
wise, the precursory composition is melt extruded through a T die or inflation die, and the extruded tape is drafted 
(drawn) while being cooled and then wound-up around a winding roll. Otherwise, the extruded tape may be subjected 
to a continuous rolling (milling) procedure by using a pressure roll. 

As a result of the extruding step (3) a fine fiber-reinforced thermoplastic elastomer composition in the form of a 
thread, yarn or tape. The thermoplastic elastomer composition may be pelletized by using a pelletizer or employed as 
a yarn prepreg. 

The fine fiber-reinforced elastic material of the present invention comprises 

(A) the fine fiber-reinforced thermoplastic elastomer composition of the present invention as mentioned above, and 

(B) an additional elastic component comprising at least one elastic polymer having a glass-transition temperature 
of 0°C or less, preferably -20°C or less, and knead-mixed with the above-mentioned fine fiber-reinforced thermo- 
plastic elastomer composition (A). 

In the elastic material of the present invention, the polyolef in component (b) is present in a content of 1 to 40 parts 
by weight, preferably 2 to 30 parts by weight, and the polyamide component (c) is present in a content of 1 to 70 parts 
by weight, preferably 2 to 55 parts by weight, per 100 parts of the total weight of the elastic component (a) and the addi- 
tional component (B). 

The elastic polymer for the additional elastic component (B) may be selected from the same components as those 
usable for the elastic component (a). The additional elastic component (B) may consist of a single elastic polymer or a 
mixture of two or more elastic polymers. 

The composition of the additional elastic composition (B) may be the same as or different from that of the elastic 
component (a). 

In the elastic material of the present invention, if the content of the polyolef in component (b) is more than 40 parts 
by weight, per 100 parts of the total weight of the elastic component (a) and the additional elastic component (B), the 
resultant elastic material exhibits an unsatisfactory elasticity. Also, if the content of the polyolef in component (b) is less 
than 1 part by weight, the resultant elastic material exhibits unsatisfactory physical properties, for example, a poor 
fatigue resistance. 

If the content of the polyamide component (c) is more than 70 parts by weight, the resultant elastic material has 
unsatisfactory tensile strength ultimate elongation, and processability. Also, if the content of the polyamide component 

(c) is less than 1 part by weight, the resultant elastic material exhibits an unsatisfactory mechanical strength. Generally, 
the ratio in weight of the thermoplastic elastomer composition (A) to the additional elastic component (B) is not limited 
to a specific ratio, as long as the contents of the olefin component (b) and the polyamide component (c) are in the 
above-mentioned specific ranges, based on the total weight of the elastic component (a) and the additional elastic com- 
ponent (B). Nevertheless, where the ratio in weight of the additional elastic component (B) to the elastomer composition 
(A) is in the range of from 20:1 to 0.1 :1, more preferably from 10:1 to 0.5:1, the resultant elastic material exhibits an 
enhanced kneading-processability. 
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In the elastic material of the present invention, the elastic component (a) and the additional component (B) may be 
vulcanizable or vulcanized. 

In the process of the present invention for producing the fine fiber-reinforced elastic material, the fine fiber-rein- 
forced thermoplastic elastomer composition (A) of the present invention is knead-mixed with an additional elastic com- 
5 ponent (B) comprising at least one elastic polymer having a glass-transition temperature of 0°C or less, at a 
temperature equal to or higher than the melting temperature of the polyolef in component (b) and lower than the melting 
temperature of the polyamide component (c). The contents of the polyolef in component (b) and the polyamide compo- 
nent (c) are controlled as mentioned above. 

If the knead-mixing procedure is carried out at a temperature lower than the melting temperature of the polyolef in 
10 component (b), the fine fibers of the polyamide component (c) are not uniformly dispersed in the matrix. 

If the knead-mixing procedure is carried out at a temperature higher than the melting temperature of the polyamide 
component (c), the fine fibers of the polyamide component (c) are melted and converted to spherical particles. 

The knead-mixing temperature is preferably at least 5°C above the melting temperature of the polyolefin compo- 
nent (c). 

15 In the process for producing the elastic material, the fine fiber-reinforced thermoplastic elastomer composition is 
preferably in the form of pellets, because the pellets can be easily and evenly mixed with the additional elastic compo- 
nent (B) which is preferably in the form of pellets, and in the resultant elastic material, the reinforcing fine fibers of the 
polyamide component (c) can be uniformly distributed. 

In the process for producing the elastic material, when the elastic component (a) and the additional elastic compo- 
se nent (B) are vulcanizable, the fine fiber-reinforced thermoplastic elastomer composition (A) and the additional elastic 
component (B) may be knead-mixed with a vulcanizing agent and optionally a vulcanizing accelerator. 

The vulcanizing agent is employed preferably in a content of 0.1 to 5.0 parts by weight, more preferably 0.5 to 3.0 
parts by weight, per 100 parts by weight of the total weight of the elastic component (a) and the additional elastic com- 
ponent (B). The vulcanizing accelerator is employed preferably in a content of 0.01 to 2.0 parts by weight, more prefer- 
25 ably 0. 1 to 1 .0 part by weight, per 1 00 parts by weight of the sum of the elastic component (a) and the additional elastic 
component (B). 

The vulcanizing agent usable for the present invention can be selected from conventional vulcanizing agents, for 
example, sulfur, organic peroxides, for example, dicumyl proxide and cummen hydroperoxide vulcanizing resins, for 
example, alkylphenol-formaldehyde resins, melamine-formaldehyde resins and triazine-formaldehyde resins, and metal 
30 oxides, for example, magnesium oxide, zinc oxide and lead monoxide. 

The vulcanizing accelerator usable for the present invention can be selected from conventional vulcanizing accel- 
erators, for example, aldehyde-ammonium compounds, aldehyde-amine compounds, guanidine compounds, thiourea 
compounds, thiazol compounds, thiuram compounds, dithiocarbonate compounds and xanthate compounds. 

When the vulcanizing agent is admixed to the fine fiber-reinforced thermoplastic elastomer composition (A) and the 
35 additional elastic component (B), the resultant elastic material is vulcanized preferably at a temperature of 1 00 to 1 80°C 
and lower than the melting temperature of the polyamide component (c). If the vulcanizing temperature is higher than 
the melting temperature of the polyamide component (c), the fine fibers of the polyamide component (c) are melted and 
converted to spherical particles. The resultant vulcanized material cannot be reinforced by the fine fibers. 

The fine fiber-reinforced elastic material optionally contains an additive comprising at least one member selected 
40 from, for example, reinforcing materials, for example, carbon black, white carbon, activated calcium carbonate, super 
finely pulverized magnecium silicate, high polystyrene resins, phenolic resins, lignin, modified melanine resins, cumar- 
one-indene resins, and petroleum resins; fillers, for example, calcium carbonate, basic magnesium carbonate, clay, zinc 
oxide, diatomaceous earth, regenerated rubbers, powdered rubbers, powdered ebonite; stabilizers, for example, 
amine-aldehyde compounds, amine-ketone compounds, amines, phenolic compounds, imidazol compounds, sulfur- 
45 containing antioxidants, and phosphorus-containing antioxidants; and coloring agents. 

In the thermoplastic elastomer composition of the present invention, a plurality of fine reinforcing fibers of the polya- 
mide component (c) are dispersed in the matrix comprising the elastic component (a) and the polyolefin component (b), 
and chemically bonded to the components (a) and (b) at the interfaces between them. However, the elastomer compo- 
sition is, as a whole, thermoplastic. Therefore, the elastomer composition of the present invention can be shaped by the 
50 same shaping method, for example, an injection molding method, extrusion molding method and press-forming 
method, as that for the common thermoplastic resins. The resultant shaped articles exhibits a high rigidity and mechan- 
ical strength and a light weight. 

The fine fiber-reinforced thermoplastic elastomer composition of the present invention can be utilized as a yarn pre- 
preg. The yarn prepreg can be used to provide a mat or woven into a plain weave, tire cord-like weave or satin weave, 
55 or shaped by a stamping machine. 

The elastic material produced from the fine fiber-reinforced thermoplastic elastomer composition (A) and the addi- 
tional elastic component (B) contains a plurality of fine fibers of the polyamide component (C) dispersed in a matrix 
comprising the elastic component (a) and the additional elastic component (B) and portions of the polyolefin component 
(b) is grafted to the fine fibers of the polyamide component (c) to form crystalline lamellas extending from the fine fiber 
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surfaces outward. The crystalline lamellas serve as anchors for the fine fibers and enhance the interface bonding of the 
fine fibers to the elastic matrix. Another portion of the polyolefin component (b) is grafted in the form of fine particles 
having a size of 0. 1 |iim or less to the elastic component (a) and evenly distributed in the elastic matrix, so as to reinforce 
the resultant elastic material. 

s Accordingly, in comparison with the conventional fiber-reinforced elastic material, the fine fiber-reinforced elastic 

material of the present invention exhibits a high hardness, high elastic modulus, an excellent fatigue resistance, a low 
temperature increase (in the same hardness), and even in the direction at a right angle to the orientation of the fine fib- 
ers, an enhanced elastic modulus and fatigue resistance. 

w EXAMPLES 

The present invention will be further explained by the following examples. 
In the examples, the following tests were carried out. 

is (1) Density: ASTM D1505 

(2) Modulus of tensile elasticity: 

Complex elastic modulus was measured by using Vibron DDV-1 1 (trademark) made by Orientec Co., at a tem- 
perature of 23°C. 

(3) Tensile yield strength: ASTM D638 

20 (4) Tensile breaking strength: ASTM D638 

(5) Creep: A specimen having a length L 0 was stretched under a load of 50 kg/cm 2 for one hour, then the load was 
removed and the length L of the specimen was measured. 

The creep of the specimen was calculated in accordance with the following equation. 

25 Creep (%) = (L - L 0 )/L 0 x 1 00 

The smaller the creep value, the higher the creep resistance. 

(6) Formation of fine fibers of a polyamide component (C): in a fine fiber-reinforced thermoplastic elastomer com- 
position: A fine fiber-reinforced thermoplastic elastomer composition was treated in a mixed solvent consisting of 

30 50 parts by volume of o-dichlorobenzene and 50 parts by volume of xylene at a temperature of 1 00°C while ref lux- 
ing the solvent, to remove the elastic component (a) and the polyolefin component (b). The remaining polyamide 
component (c) in the form of fine fibers was observed and evaluated by a microscope. 

(7) Average thickness of fine fibers of polyamide component (c): 200 fine fibers of the polyamide component (c) 
were subjected to the measurement of thickness by a microscope and an average of the measured thicknesses 

35 was calculated. 

(8) Formability: A fine fiber-reinforced thermoplastic elastomer composite was shaped into a sheet having a thick- 
ness of 1 to 2 mm by a hot press at a temperature of 180°C. The surface smoothness of the resultant sheet was 
observed and evaluated by naked eye, as follows 



Class 


Formability 


4. 


The resultant sheet had a very smooth surface. 


3. 


The resultant sheet had a satisfactory surface. 


2. 


The resultant sheet had a rough surface. 


1. 


Sheet formation was difficult, or the resultant sheet had a very rough surface. 



50 

(9) modulus of elasticity, tensile strength and ultimate elongation of fine fiber-reinforced elastic material: A No.3 
dambbell was provided from a fine fiber-reinforced elastic material by punching, and subjected to measurement of 
modulus of elasticity, tensile strength and ultimate elongation of the elastic material in accordance with JIS K6251 . 

(10) Fatigue resistance at constant rate of loading: A No. 3 dumbbell was provided from a fine fiber-reinforced elas- 
55 tic material by punching, and stretched while repeatedly applying a load of 70 kg/cm 2 until breaking, and the 

number of the load applications until break was counted. 

(11) Temperature increase (AT) 

The temperature increase (AT) of the elastic material during the vulcanizing procedure was measured by using a 
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Goodrich Flexmeter (Trademark) in accordance with ASTM D 623. 
Examples 1 to 4 

5 In each of Examples 1 to 4, a fine fiber-reinforced thermoplastic elastomer composition was prepared from the fol- 

lowing components. 

As an elastic component (a), ethylene-propylene copolymer EPDM (Trademark: EP-22, made by Nihon Goseigomu 
K.K.) and a glass transition temperature of -60°C was employed. As a polyolefin component (b), polypropylene resin 
(trademark: Ubepolypro J 109, made by Ube Industries, Ltd.) having a melting temperature of 165°C to 170°C and a 
10 meltflow index of 9 g/10 min was employed. Also, as a polyamide component (c), Nylon 6 resin (trademark: Ubenylon 
1022B, made by Ube Industries, Ltd.) having a melting temperature of 215°C to 220°C and a molecular weight of 
30,000, was employed. 

The polyolefin component (b) was modified with 0.5 part by weight of y-methacryloxypropyltri-methoxysilane and 

0. 1 part by weight of n-butyl-4,4-di-(tert-butylperoxy)valerate, per 100 parts by weight of the polyolefin component (b), 
15 by melt-kneading at a temperature of 180°C by using a twin screw extruder. 

The polyamide component (c) was modified with N-p(aminoethyl)Y-amino-propyltrimethoxysilane in an amount of 
1 .0 parts by weight per 100 parts by weight of the component (c) by melt-kneading at a temperature of 240°C by using 
a twin screw extruder. 

The modified polyolefin component (b) in the amount as indicated in Table 1 was mixed with elastic component (a) 
20 in the amount as indicated in Table 1 , and the mixture was melt-kneaded by a Banbury mixer at a temperature of 180°C 
for 5 minutes to provide a matrix mixture. The matrix mixture was damped at a temperature of 170°C and then pel- 
letized. 

The matrix mixture pellets were mixed with the modified polyamide component (c) in the amount as shown in Table 

1 , and the mixture was melt-kneaded by a twin screw extruder at a temperature of 240°C and then pelletized to provide 
25 a precursory composition. The precursory composition pellets were melt extruded by a single screw extruder into a 

thread form, while cooling and taking-up at a draft ratio of 10, and then pelletized by using a pelletizer. The taking-up 
operation was carried out at room temperature. The pellets were shaped into a sheet having a thickness of 1 mm, by 
using a press at a temperature of 180°C. The resultant sheet had smooth surfaces. 

A portion of the sheet was cut to provide a specimen. The specimen was subjected to the tests (6) and (7) wherein 

30 the elastic component (a) and the polyolefin component (b) are removed by the mixed solvent, and the remaining polya- 
mide component (c) was observed by microscope. It was confirmed that the polyamide component (c) was formed into 
fine fibers having an average thickness of 0.2 to 0.3 juim. When the remaining fine fibers were subjected to an NMR 
measurement, the resultant NMR chart indicated peaks corresponding to the polyamide component (nylon 6) (c) and 
the elastic component (EPDM) (a) and the polyolefin component (PP) (b). 

35 The other portions of the fine fiber-reinforced elastomer composition sheet were cut into dumbbell-shaped speci- 
mens and subjected to the physical property test. The test results are shown in Table 1 . 

The tensile modulus of elasticity of the specimen was 3690 to 4612 kg/cm 2 , and the tensile strength was 79 to 1 90 
kg/cm 2 as shown in Table 1 . The tensile modulus of elasticity and the tensile strength increased with an increase in the 
content of the fine fibers of the polyamide component (c). 

40 The fine fiber-reinforced thermoplastic elastomer composition sheets of Examples 1 to 4 exhibited no tensile yield 
stress. 

The creep resistance was from 1% in Example 4 to 10% in Example 1. The creep resistance increased with 
increase in the content of the fine fibers of the polyamide component (c). 

A stress-strain curve of the fine fiber-reinforced elastomer composition sheet of Example 2 is shown in Figure 2. 
45 Also, Fig. 3 shows the fine fibers of the polyamide component (c) in the fine-fiber-reinforced thermoplastic elas- 
tomer composition sheet of Example 1 . 

Comparative Example 1 

50 The same procedures and test as in Example 1 were carried out except that the components (a), (b) and (c) were 
employed in the amounts indicated in Table 1 . Namely no polyamide component (c) was employed, and the matrix mix- 
ture prepared from the modified polyolefin component (b) and the elastic component (a) was formed into a sheet. The 
sheet was then subjected to the tests. 

The test results are shown in Table 1 . 
55 Although the tensile modulus of elasticity of the resultant elastomer composition sheet was 361 1 kg/cm 2 which was 
similar to that in Examples 1 to 4, the tensile strength of the sheet was 68 kg/cm 2 and the tensile yield stress was 45 
kg/cm 2 , which were significantly lower than that of Examples 1 to 4. 

Also, the creep resistance of the sheet was 150% under a load of 50 kg/cm 2 , which was significantly high. 

The stress-strain curve of the thermoplastic elastomer composition sheet prepared in Comparative Example 1 is 
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shown in Fig. 2. 
Comparative Example 2 

5 The same procedures and tests as in example 1 were carried out except that the polyamide component (c) was 

employed in an amount of 500 parts by weight. 

The precursory composition pellets were extracted at the same draft as in Example 1 into a thread form, and the 
thread was press-formed into a sheet. The resultant sheet was not suitable for the physical property test. 

The sheet was subjected to the fine fiber-observation test (b). As a result, it was found that the polyamide compo- 
rt nent (c) was distributed in the form of a film in the matrix. 

Comparative Example 3 

The same procedures and tests as in Example 1 were carried out except that no polyolefin component (b) was 
is employed. 

The precursory composition was extruded in the same manner as in Example, into a thread form, and the extruded 
thread was pelletized. The resultant thermoplastic elastomer composition pellets were press-formed into a sheet at a 
pressing temperature of 180°C. 

The resultant sheet was subjected to the physical property tests. 
20 The sheet exhibited a tensile modulus elasticity of 2580 kg/cm 2 and a tensile strength of 52 kg/cm 2 , which are sig- 
nificantly lower than those of Examples 1 to 4. 

From the results of the fine fiber observation tests (6) and (7) using the microscope, it was confirmed that the polya- 
mide component (c) was in the forms of fine fibers having an average thickness of 0.3 juim. 

The test results are shown in Table 1 . 

25 

Example 5 

The same procedures and tests as in Example 1 were carried out to prepare a fine fiber-reinforced thermoplastic 
elastomer composition, except that the polyamide component (c) was not modified by n-p(aminoethyl)y-aminopropyltri- 
30 methoxysilane. 

The precursory composition was extruded into the thread form at the same draft ratio as in Example 1 , and pel- 
letized. The resultant thermoplastic elastomer composition pellets were press-formed into a sheet at a temperature of 
100°C in the same manner as in Example 1 . The resultant sheet was then subjected to the tests. 

In this example, although the polyamide component (c) was modified with the silane compling agent, the resultant 
35 fine fiber-reinforced thermoplastic elastomer composition sheet had a tensile modulus of elasticity of 4920 kg/cm 2 and 
a tensile strength of 218 kg/cm 2 , which are excellent. Also, the sheet exhibited substantially no tensile yield stress and 
a very low creep of 1%. 

As a result of the microscopic observation tests (6) and (7), it was confirmed that the polyamide component (c) was 
in the form of fine fibers having an average thickness of 0.2 
40 The test results are shown in Table 1 . 
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Table 1 



5 




Example No. 


Example 


Comparative 
Example 




Item 




1 


2 


3 


4 


5 


1 2 


3 


10 


OUliljJ \J ox — 

tion 

(parts by 
weight ) 


Pnl vnl p f i n 

component (b) 
(PP) (*), 


100 


100 


100 


100 


100 


100 100 


0 




Elastic 
component (a) 
(EPDM) (*) 2 


100 


100 


100 


100 


100 


100 100 


100 


15 




Polyamide 
component (c) 
(PA6) (*) 3 


50 


100 


200 


300 


100 


0 500 


100 




Test 


Density g/ml 


0.921 


0.950 


0.993 


1.010 


0.962 


0.880 - 


0.980 




result 


Tensile 
















20 




moHnluc 

elasticity 
(kg/cm 2 ) 


3960 


3940 


4340 


4621 


4920 


3611 


2580 


25 




Tensile yield 
stres s 
(kg/cm 2 ) 




10 






Tensile 

strength 

(kg/cm 2 ) 


79 


120 


156 


193 


218 


45 


52 


30 




Creep (Z) 


10 


5 


2 


1 


1 


68 


Broken 


Polyamide 
component 


Fine fiber- 
formation 


Good 


Good 


Good 


Good 


Good 


Bad 


Good 


35 


(c) 


Average 
thickness of 
fine fibers 


0.2 


0.3 


0.2 


0.3 


0.2 


0.3 




Formability (at 180°C) 


4 


4 


4 


4 


4 


4 1 


2 



Note: (*)i ... PP: Polypropylene 

(*), ... EPDM: Ethylene-Propylene-diene terpolymer 
(*) 3 . . . PA6: Nylon 6 



45 

Example 6 

The same procedures and tests as in Example 1 were carried out except that the polyolefine component (b) was 
employed in an amount of 50 parts by weight, and the polyamide component (c) was employed in an amount of 75 parts 
50 by weight. 

The precursory composition was extruded into the thread form at the same draft ratio as in Example 1 , and pel- 
letized. The resultant thermoplastic elastomer composition pellets were press-formed into a sheet at a temperature of 
180°C in the same manner as in Example 1 . The resultant sheet was then subjected to the tests. 

In this example, although the elastic component (a), namely EPDM, was used in an increased content of 200 parts 
55 by weight, the resultant fine fiber-reinforced elastomer composition sheet had a tensile modulus of elasticity of 3090 
kg/cm 2 and a tensile strength of 89 kg/cm 2 , which are quite satisfactory. Also, the sheet exhibited no tensile yield stress 
and a low creep of 7%. 

As a result of the microscopic observation tests (6) and (7), it was confirmed that the polyamide component (c) was 
in the form of fine fibers having an average thickness of 0.2 juim. 
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The test results are shown in Table 2. 
Example 7 

5 The same procedures and tests as in Example 1 were carried out except that the polyolefin component (b) was 

employed in an amount of 77 parts by weight, and the polyamide component (c) was employed in an amount of 88 parts 
by weight. 

The precursory composition was extruded into the thread form at the same draft ratio as in Example 1 , and pel- 
letized. The resultant thermoplastic elastomer composition pellets were press-formed into a sheet at a temperature of 
10 1 80°C in the same manner as in Example 1 . The resultant sheet was then subjected to the tests. 

In this example, although the elastic component (a), namely EPDM, was used in an increased content of 130 parts 
by weight, the resultant fine fiber-reinforced thermoplastic elastomer composition sheet had a tensile modulus of elas- 
ticity of 3560 kg/cm 2 and a tensile strength of 100 kg/cm 2 , the sheet exhibited substantially no tensile yield stress and 
a low creep of 6%. 

is As a result of the microscopic observation tests (6) and (7), it was confirmed that the polyamide component (c) was 
in the form of fine fibers having an average thickness of 0.3 juun. 
The test results are shown in Table 2. 

Example 8 

20 

The same procedures and tests as in example 1 were carried out except that the polyolefin component (b) was 
employed in an amount of 200 parts by weight, and the polyamide component (c) was employed in an amount of 150 
parts by weight. 

The precursory composition was extruded into the thread form at the same draft ratio as in Example 1 , and pel- 
25 letized. The resultant thermoplastic elastomer composition pellets were press-formed into a sheet at a temperature of 
1 80°C in the same manner as in Example 1 . The resultant sheet was then subjected to the tests. 

In this example, the resultant fine fiber-reinforced thermoplastic elastomer composition sheet had a tensile modu- 
lus of elasticity of 4870 kg/cm 2 and a tensile strength of 102 kg/cm 2 , which are quite satisfactory. Also, the sheet exhib- 
ited substantially no tensile yield stress and a very low creep of 2%. 
30 As a result of the microscopic observation tests (6) and (7), it was confirmed that the polyamide component (c) was 
in the form of fine fibers having an average thickness of 0.3 jxm. 
The test results are shown in Table 2. 
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Table 2 







Example No. 


Example 


5 


Item 




6 


7 


8 




Composition 
(parts by 


Polyolef in 
component (b) 


100 


100 


100 


1 u 


weight) 


Elastic 
component (a) 


50 


77 


200 






Polyamide 
component (c) 


75 


88 


150 




Test result 


Density g/ml 


0.947 


0.950 


0.944 


15 




Tensile 
modulus of 
elasticity 
^ Kg/ cm ) 


3090 


3560 


/ o i f\ 
4o /U 






Tensile yield 








on 




(kg/cm 2 ) 


- 


- 


- 






Tensile 
strength 
Ug/ cm ; 


89 


100 


102 


25 




Creep (Z) 


7 


6 


2 




Polyamide 
component 


Fine fiber- 
formation 


Good 


Good 


Good 


30 


(c) 


Average 
thickness of 
fine fibers 
(pun) 


0.2 


0.3 


0.3 




Formability 


(at 180°C) 


4 


4 


4 



35 



Example 9 

40 The same procedures and tests as in Example 1 were carried out except that the elastic component (a) consisted 
of a natural rubber (SMR-L) in a content of 100 parts by weight. The natural rubber had a glass transition temperature 
of -63°C. 

The precursory composition was extruded into the thread form at the same draft ratio as in Example 1 , and pel- 
letized. The resultant thermoplastic elastomer composition pellets were press-formed into a sheet at a temperature of 
45 1 80°C in the same manner as in Example 1 . The resultant sheet was then subjected to the tests. 

In this example, the resultant fine fiber-reinforced thermoplastic elastomer composition sheet had a tensile modu- 
lus of elasticity of 4050 kg/cm 2 and a tensile strength of 103 kg/cm 2 , which are quite satisfactory. Also, the sheet exhib- 
ited substantially no tensile yield stress and a low creep of 4%. 

As a result of the microscopic observation tests (6) and (7), it was confirmed that the polyamide component (c) was 
50 in the form of fine fibers having average thickness of 0.3 jxm. 
The test results are shown in Table 3. 

Example 10 

55 The same procedures and tests as in Example 1 were carried out except that the elastic component (a) consisted 
of 100 parts by weight of an acrylonitrile-butadiene copolymer rubber available under the trademark of N-520, from 
Nihon Goseigomu K.K., and having a glass transition temperature of -46°C. 

The precursory composition was extruded into the thread form at the same draft ratio as in Example 1, and pel- 
letized. The resultant thermoplastic elastomer composition pellets were press-formed into a sheet at a temperature of 
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100°C in the same manner as in Example 1 . The resultant sheet was then subjected to the tests. 

In this example, the resultant fine fiber-reinforced elastomer composition sheet had a tensile modulus of elasticity 
of 4220 kg/cm 2 and a tensile strength of 103 kg/cm 2 , which are quite satisfactory. Also, the sheet exhibited substantially 
no tensile yield stress and a very low creep of 3%. 
5 As a result of the microscopic observation tests (6) and (7), it was confirmed that the polyamide component (c) was 

in the form of fine fibers having an average thickness of 0.3 juun. 
The test results are shown in Table 3. 



Example 1 1 

10 

The same procedures and tests as in Example 1 were carried out except that the elastic component (a) consisted 
of 100 parts by weight of a hydric rubber available under the trademark of Epichlomer C, from Daiso K.K., and having 
a glass transition temperature of -25°C. 

The precursory composition was extruded into the thread form at the same draft ratio as in Example 1 , and pel- 
15 letized. The resultant thermoplastic elastomer composition pellets were press-formed into a sheet at a temperature of 
180°C in the same manner as in Example 1 . The resultant sheet was then subjected to the tests. 

In this example, the resultant fine fiber-reinforced thermoplastic elastomer composition sheet had a tensile modu- 
lus of elasticity of 4570 kg/cm 2 and a tensile strength of 114 kg/cm 2 , which are excellent. Also, the sheet exhibited sub- 
stantially no tensile yield stress and a very low creep of 2%. 
20 As a result of the microscopic observation tests (6) and (7), it was confirmed that the polyamide component (c) was 
in the form of fine fibers having an average thickness of 0.3 juun. 

The test results are shown in Table 3. 



Table 3 

25 



- — - — _^ Example No. 

Item ~" — ~— 


Example 


9 10 11 


Compos it ion 
(parts by 
weight) 


Polyolef in 
component (b) 


100 100 100 


Elastic 

component 

(a) 


NR(*) 4 


100 


NBR(*) 3 


100 


Hydrin 
rubber 


100 


Polyamide 
component (c) 


100 100 100 


Test result 


Density g/ml 


0.976 1.000 1.083 


Tensile modulus of 

elasticity 

(kg/cm 2 ) 


4050 4220 4570 


Tensile yield 
stress (kg/cm 2 ) 




Tensile strength 
(kg /cm 2 ) 


103 107 114 


Creep (Z) 


4 3 2 


Polyamide 
component (c) 


Fine fiber- 
formation 


Good Good Good 


Average thickness 
of fine fibers 
(jim) 


0.3 0.3 0.3 


Formability (at 180°C) 


4 4 4 



Note: (*) 4 ... NR: Natural rubber 

(*) 5 ... NBR: Acrynonitrile-butadiene copolymer rubber 
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Example 12 

5 The same procedures and tests as in Example 1 1 were carried out except that the polyolef in component (b) con- 

sisted of an ethylene- vinyl acetate copolymer available under the trademark of EVA copolymer 215, from Ube Indus- 
tries, Ltd., and having a Vicat softening temperature of 73°C and a meltflow index of 2 g/10 min. 

The precursory composition was extruded into the thread form at the same draft ratio as in Example 1 , and pel- 
letized. The resultant thermoplastic elastomer composition pellets were press-formed into a sheet at a temperature of 
10 1 80°C in the same manner as in Example 1 . The resultant sheet was then subjected to the tests. 

In this example, the resultant fine fiber-reinforced thermoplastic elastomer composition sheet had a tensile modu- 
lus of elasticity of 1850 kg/cm 2 and a tensile strength of 101 kg/cm 2 , which are satisfactory. Also, the sheet exhibited 
substantially no tensile yield stress and a creep of 10%. 

As a result of the microscopic observation tests (6) and (7), it was confirmed that the polyamide component (c) was 
15 in the form of fine fibers having an average thickness of 0.3 juim. 
The test results are shown in Table 4. 

Example 13 

20 The same procedures and tests as in Example 1 were carried out except that the polyolefin component (b) con- 
sisted of a polyethylene resin available under the trademark of Ube Polyethylene F01 9, from Ube Industries, Ltd., and 
having a melting point of 107°C and a melt-flow index of 0.9 g/10 min. 

The polyolefin component (b) was modified with 0.5 part by weight of y-methacryloxy-propyltrimethoxysilane and 
0.1 parts by weight of n-butyl-4,4-di(tert-butylperoxy)valerate, per 100 parts of the polyolefin component (b), by melt- 
25 kneading at a temperature of 1 50°C by using single screw extruder. 

The polyamide component (c) was modified in the same manner as in Example 1 . 

The precursory composition was extruded into the thread form at the same draft ratio of 10 as in Example 1, and 
pelletized. The resultant elastomer composition pellets were press-formed into a sheet at a temperature of 1 80°C in the 
same manner as in Example 1 . The resultant sheet was then subjected to the tests. 
30 In this example, the resultant fine fiber-reinforced thermoplastic elastomer composition sheet had a tensile modu- 
lus of elasticity of 1910 kg/cm 2 and a tensile strength of 101 kg/cm 2 , which are satisfactory. Also, the sheet exhibited 
substantially no tensile yield stress and a low creep of 10%. 

As a result of the microscopic observation tests (6) and (7), it was confirmed that the polyamide component (c) was 
in the form of fine fibers having an average thickness of 0.2 fun. 
35 The test results are shown in Table 4. 

Comparative Example 4 

The same procedures and tests as in Example 1 1 were carried out except no polyamide component (c) was 
40 employed. 

The precursory composition was extruded into the thread form at the same draft ratio as in Example 1 , and pel- 
letized. The resultant thermoplastic elastomer composition pellets were press-formed into a sheet at a temperature of 
180°C in the same manner as in Example 1 . The resultant sheet was then subjected to the tests. 

In this comparative example, the resultant fine fiber-reinforced thermoplastic elastomer composition sheet had a 
45 tensile modulus of elasticity of 362 kg/cm 2 and a tensile strength of 56 kg/cm 2 , which are unsatisfactory. Also, during 
the creep test (5), the specimen was broken. 

The test results are shown in Table 4. 

Comparative Example 5 

50 

The same procedures and tests as in Example 12 were carried out except no polyamide component (c) was 
employed. 

The precursory composition was extruded into the thread form at the same draft ratio as in Example 1 , and pel- 
letized. The resultant thermoplastic elastomer composition pellets were press-formed into a sheet at a temperature of 
55 1 80°C in the same manner as in Example 1 . The resultant sheet was then subjected to the tests. 

In this comparative example, the resultant fine fiber-reinforced thermoplastic elastomer composition sheet had a 
tensile modulus of elasticity of 254 kg/cm 2 and a tensile strength of 74 kg/cm 2 , which are unsatisfactory. Also, during 
the creep test (5), the specimen was broken. 

The test results are shown in Table 4. 
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Table 4 



" ' — — Example No. 
Item ~~ ~~ — - _ 




Cnmnarat ive 
Example 


12 13 


4 5 


Compos it ion 
(parts by 
weight) 


Polyolef in 
component (b) 


PE(*) 6 


100 100 


100 


EVA(*) 7 


100 


100 


Elastic component (a) 


100 


100 100 


Polyamide component (c) 


100 100 




Test result 


Density g/ml 


0 . 959 0 . 963 


0.890 1 . 083 


Tensile modules of 

elasticity 

(kg/cm 2 ) 


1910 1850 


362 4570 


Tensile yield stress 
(kg/cm 2 ) 






Tensile strength 
(kg/cm 2 ) 


101 101 


56 114 


Creep (Z) 


10 10 


Broken Broken 


Polyamide 
component 
(c) 


Fine f iber- formation 


Good Good 




Average thickness of 
fine fibers (jxm) 


0.2 0.3 




Formability (at 180°C) 


4 4 


2 2 



Note: (*) 6 ... PE: Polyethylene 

(*) 7 ... EVA: Ethylene-vinyl acetate copolymer 



In the following examples and comparative examples, six types of fine fiber-reinforced thermoplastic elastomer 
compositions were prepared and employed to prepare fine fiber-reinforced elastic materials. 

(1) Preparation of fine fiber-reinforced thermoplastic elastomer compositions (Nos. 1 - 6) 

[Thermoplastic elastomer composition No. 1] 

As an elastic component (a), a natural rubber (trademark SMR-L) having a glass transition temperature of -63°C 
was employed. As a polyolefin component (b), polypropylene resin (trademark: Ubepolypro J109, made by Ube Indus- 
tries, Ltd.) having a melting temperature of 165°C to 170°C and a meltflow index of 9 g/10 min was employed. Also, as 
a polyamide component (c), Nylon 6 resin (trademark: Ubenylon 1030B, made by Ube Industries, Ltd.) having a melting 
temperature of 215°C to 220°C and a molecular weight of 30,000, was employed. 

The polyolefin component (b) was modified with 0.5 part by weight of y-methacryloxypropyltri-methoxysilane and 
0.1 part by weight of n-butyl-4,4-di(tert-butylperoxy)valerate, per 100 parts by weight of the polyolefin component (b), 
by melt-kneading at a temperature of 180°C by using a single screw extruder. 

The polyamide component (c) was modified with 1 .0 parts by weight of N-p(aminoethyl)y-amino-propyltrimethoxysi- 
lane per 1 00 parts by weight of the component (c) by melt-kneading at a temperature of 240°C by using a single screw 
extruder. 

The modified polyolefin component (b) in the amount of 1 00 parts by weight was mixed with 1 00 parts by weight of 
the elastic component (a), and the mixture was melt-kneaded by a Banbury mixer at a temperature of 1 80°C for 5 min- 
utes to provide a matrix mixture. The matrix mixture was damped at a temperature of 1 70°C and then pelletized. 

The matrix mixture pellets were mixed with 1 00 parts by weight of the modified polyamide component (c), and the 
mixture was melt-kneaded by a biaxial kneader at a temperature of 240°C and then pelletized to provide a precursory 
composition. The precursory composition pellets were melt extruded by a monoaxial extruder into a thread form, while 
cooling and taking-up at a draft ratio of 10, and then pelletized by using a pelletizer. 
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The resultant fine fiber-reinforced thermoplastic elastomer composition specimen was subjected to the tests (6) 
and (7) wherein the elastic component (a) and the polyolef in component (b) were removed by the mixed solvent con- 
sisting of o-dichlorobenzene and xylene, and the remaining polyamide component (c) was observed by the microscope. 
It was confirmed that the polyamide component (c) was formed into fine fibers having an average thickness of 0.2 juim. 

5 

[Thermoplastic elastomer composition No. 2] 

The same procedures as for the thermoplastic elastomer composition No. 1 were carried out except that the polya- 
mide component (c) (nylon 6) was employed in an increased amount of 200 parts by weight per 100 parts by weight of 
10 the polyolef in component (b). 

The resultant pellets were treated with a mixed solvent comprising o-dich-lorobezene and xylene while refluxing, to 
remove the elastic component (a) and the polyolefin component (b), and the remaining polyamide component (c) was 
subjected to the tests (6) and (7). 

It was confirmed that the polyamide component (c) was in the form of fine fibers having an average thickness of 0.2 

15 |xm. 

[Thermoplastic elastomer composition No. 3 (comparative)] 

The same procedures as for the elastomer composition No. 1 were carried out except that the elastic component 
20 (a) (natural rubber) was employed in an amount of 100 parts by weight, the polyamide component (c) (nylon 6) was 
employed in an amount of 50 parts by weight per 1 00 parts by weight of the polyolefin component (b), and no polyolefin 
component (b) was employed. 

The resultant thermoplastic elastomer composition was treated with a mixed solvent comprising o-dichlorobezene 
and xylene while refluxing, to remove the elastic component (a) and the polyolefin component (b), and the remaining 
25 polyamide component (c) was subjected to the tests (6) and (7). 

It was confirmed that the polyamide component (c) was in the form of fine fibers having an average thickness of 0.2 

jam. 

The thermoplastic elastomer composition No. 3 could not be pelletized at all. 

30 [Thermoplastic elastomer composition No. 4] 

The same procedures as for the thermoplastic elastomer composition No. 1 were carried out except that the elastic 
component (a) (natural rubber) was employed in an amount of 100 parts the polyolefin component (b) was employed in 
an amount of 75 parts by weight and the polyamide component (c) (nylon 6) was employed in an amount of 87.5 parts 
35 by weight. 

The resultant pellets were treated with a mixed solvent comprising o-dichlorobezene and xylene while refluxing, to 
remove the elastic component (a) and the polyolefin component (b), and the remaining polyamide component (c) was 
subjected to the tests (6) and (7). 

It was confirmed that the polyamide component (c) was in the form of fine fibers having an average thickness of 0.2 

40 jmM. 

The composition of the thermoplastic elastomer compositions Nos. 1 to 4 and the form of the polyamide component 
(c) in the compositions are shown in Table 5. 
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[Thermoplastic elastomer composition No. 5] 

As an elastic component (a), 100 parts by weight of the natural rubber (trademark SMR-L) was employed. As a 
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polyolefin component (b), a high density polyethylene resin (trademark: Chemilets HD 3070, made by Maruzene Poly- 
mer K.K.) having a melting temperature of 130°C and a meltflow index of 8g /10 min was employed in an amount of 75 
parts by weight. Also, as a polyamide component (c), Nylon 6 resin (trademark: Ubenylon 1030B, made by Ube Indus- 
tries, Ltd.) having a melting temperature of 215°C to 220°C and a molecular weight of 30,000, was employed in an 
5 amount of 87.5 parts by weight. 

The elastic component (a) in an amount of 1 00 parts by weight and 75 parts by weight of the polyolefin component 
(b) were mixed with 0.56 part by weight of y-methacryloxypropyltri-methoxysilane and 0.1 part by weight of n-butyl-4,4- 
di(tert-butylperoxy)valerate, and the mixture was melt-kneaded in a Banbury mixer at a temperature of 1 80°C for 5 min- 
utes, to provide a matrix mixture. The matrix mixture was melt-kneaded together with 87.5 parts by weight of the non- 
70 modified polyamide component (c) in a biaxial kneader at a temperature of 245°C, and pelletized, to provide a precur- 
sory composition. The precursory composition pellets were melt extruded by a single screw extruder into a thread form, 
while cooling and taking-up at a draft ratio of 10, and then pelletized by using a pelletizer. 

The resultant fine fiber-reinforced thermoplastic elastomer composition specimen was subjected to the tests (6) 
and (7) wherein the elastic component (a) and the polyolefin component (b) are removed by the mixed solvent consist- 
15 ing of o-dichlorobenzene and xylene, and the remaining polyamide component (c) was observed by the microscope. It 
was confirmed that the polyamide component (c) was formed into fine fibers having an average thickness of 0.2 jutm. 

[Thermoplastic elastomer composition No. 6] 

20 As an elastic component (a), 100 parts by weight of the natural rubber (trademark SMR-L) was employed. As a 
polyolefin component (b), 75 parts by weight of the same high density polyethylene resin as mentioned above was 
employed. Also, as a polyamide component (c), the same Nylon 6 resin as mentioned above was employed in an 
amount of 1 30 parts by weight. 

The elastic component (a) in an amount of 1 00 parts by weight and 75 parts by weight of the polyolefin component 

25 (b) were mixed with 0.75 part by weight of y-methacryloxypropyltri-methoxysilane and 0.1 part by weight of n-butyl-4,4- 
di(tert-butylperoxy)valerate, and 130 parts by weight of the non-modified polyamide component (c), and the mixture 
was kneaded in a Banbury mixer at a temperature of 240°C for 5 minutes, and then tamped at a temperature of 260°C 
and pelletized to provide a precursory composition. The precursory composition pellets were melt extruded by a mono- 
axial extruder into a thread form at a temperature of 245°C, while cooling and taking-up at a draft ratio of 10, and then 

30 pelletized by using a pelletizer. 

The resultant fine fiber-reinforced thermoplastic elastomer composition pellets were subjected to the tests (6) and 
(7) wherein the elastic component (a) and the polyolefin component (b) were removed by the mixed solvent consisting 
of o-dichlorobenzene and xylene, and the remaining polyamide component (c) was observed by the microscope. It was 
confirmed that the polyamide component (c) was formed into fine fibers having an average thickness of 0.2 |uim. 

35 

Examples 14 to 19 

In each of Examples 1 4 to 1 9, the elastomer composition of the type indicated in Table 6, an additional elastic com- 
ponent (B) consisting of the same natural rubber as for the elastic component (a) and thus having a glass transition tem- 

40 perature of -63°C, a carbon black (HAF), a process oil, zinc oxide, stearic acid, an anti-oxidant consisting of N-phenyl- 
N'-isopropyl-p-phenylenediamine (available under the trademark of 810-NA, from OUCHI SINKO CHEMICAL INDUS- 
TRIES CO., LTD), sulfur (vulcanizing agent), and a vulcanizing accelerator consisting of N-oxydiethylene-2-benzothia- 
zolylsulpheneamide (available under the trademark of Vulcanizing acceleration NS from OUCHI SINKO CHEMICAL 
INDUSTRIES CO., LTD) were mixed altogether in the amounts indicated in Table 6. In the mixing procedure, first, the 

45 natural rubber and the fine fiber-reinforced thermoplastic elastomer composition were kneaded in a Brabender Plasto- 
graph adjusted to a temperature of 160°C for 30 seconds, then to the mixture, the carbon black, process oil, zinc oxide, 
stearic acid and anti-aging agent were successively admixed, the admixture was kneaded for 4 minutes, the admixture 
was further mixed with sulfur an the vulcanizing accelerator on an open kneading roll at a temperature of 80°C. 

The resultant mixture was vulcanized at a temperature of 1 45°C for 30 minutes. A fine fiber-reinforced elastic mate- 

50 rial was obtained. 

The resultant fine fibers of the polyamide component (c) were in the content indicated in Table 6, based on the total 
weight of the elastic component (a) and the additional elastic component (B), in the range of from 5% by weight (Exam- 
ple 14) to 50% by weight (Example 19). 

In the resultant elastic materials of Examples 13 to 18, the polyamide component (c) consisting of nylon 6 was uni- 
55 formly distributed in the form of fine fibers in the matrix comprising the natural rubber (NR). 

The resultant elastic material was subjected to the measurements of modulus of elasticity (100% modulus and 
300% modulus), tensile strength and ultimate elongation as mentioned above. 

The 100% modules and 300% modules in Examples 13 to 18 were significantly higher than those in comparative 
elastic material which was free from the polyamide component (c). Namely, in Examples 13 to 18, the 100% modulus 
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was 66 kg/cm 2 (Example 13) to 254 kg/cm 2 (Example 4) which was significantly higher than that of the comparative 
elastic material free from the polyamide component (c) fine fibers, namely, 21 kg/cm 2 . Similar results to the 100% mod- 
ulus were obtained on the 300% modulus. 
The test results are shown in Table 6. 

5 

Comparative Example 6 

The thermoplastic elastomer composition No. 3 indicated in Table 6, an additional elastic component (B) consisting 
of the same natural rubber as for the elastic component (a), a carbon black (HAF), a process oil, zinc oxide, stearic acid, 
10 an anti-aging, agent consisting of N-phenyl-N'isopropyl-p-phenylenediamine sulfur (vulcanizing agent), and a vulcan- 
izing accelerator consisting of N-oxydiethylene-2-benzothiazolylsulpheneamide were mixed altogether in the amounts 
indicated in Table 6. In the mixing procedure was carried out in the same manner as in Example 14. 

The resultant mixture was vulcanized at a temperature of 1 45°C for 30 minutes. A fine fiber-reinforced elastic mate- 
rial was obtained. 

is The resultant fine fibers of the polyamide component (c) was 30% by weight based on the total weight of the elastic 
component (a) and the additional elastic component (B). It was confirmed that the fine fibers of the polyamide compo- 
nent (c) consisting of nylon 6 were unevenly distributed in the matrix comprising the natural rubber (NR). 

The resultant elastic material was subjected to the measurements of modulus of elasticity (100% modulus and 
300% modulus), tensile strength and ultimate elongation as mentioned above. 

20 Although the 100% modulus was 1 74 kg/cm 2 which was satisfactory, the ultimate elongation was 1 10% which was 
too low. 

The test results are shown in Table 6. 
Comparative Example 7 

25 

An elastic material was prepared by the same procedures as in Example 14, except that no fine fiber-reinforced 
thermoplastic elastomer composition (A) was employed and the additional elastic component (B) consisting of the 
same natural rubber as in Example 13 was employed in an increased content of 100 parts by weight. The resultant elas- 
tic material was free from the reinforcing fine fibers of the polyamide component (C). 
30 The resultant elastic material had a 100% modulus of 21 kg/cm 2 and a 300% modulus of 109 kg/cm 2 , which are 
extremely low in composition with those of Examples 14 to 19 and quite unsatisfactory. 

The test results are shown in Table 6. 

Example 20 

35 

A fine fiber-reinforced elastic material was prepared and tested by the same procedures as in Example 14, except 
that the additional elastic component (B) consisted of 75 parts by weight of the natural rubber and 20 parts by weight 
of a butadiene rubber (BR, available under the trademark of Ubepol BR 150, from Ube Industries Ltd.), and having a 
glass transition temperature of -108°C. 
40 The resultant fine fibers of the polyamide component (c) were in the content of 5% by weight, based on the total 
weight of the elastic component (a) and the additional elastic component (B). 

In the resultant elastic materials, the polyamide component (c) consisting of nylon 6 was uniformly distributed in the 
from of fine fibers in the matrix. 

The resultant elastic material was subjected to the measurements of modulus of elasticity (100% modulus and 
45 300% modulus), tensile strength and ultimate elongation as mentioned above. 

The 100% modulus was 62 kg/cm 2 , the 300% modulus was 182 kg/cm 2 , and the ultimate elongation was 450°C, 
which were all satisfactory. The test results are shown in Table 6. 

Comparative Example 8 

50 

An elastic material was prepared and tested by the same procedures as in Example 20, except that in the additional 
elastic component (B), the natural rubber was employed in an amount of 80 parts by weight, and no fine fiber-reinforced 
thermoplastic elastomer composition was employed. The resultant elastic material was free from the reinforcing fine fib- 
ers. 

55 The resultant elastic material was subjected to measurements of the 100% and 300% moduluses, the tensile 
strength and the ultimate elongation. 

The resultant 100% modulus was 27 kg/cm 2 and the 300% modulus was 131 kg/cm 2 , which were significantly 
lower than those of Example 20. 
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Example 21 and 22 

In Example 21 , the same procedures and tests as in Example 14 were carried out, except that the fine fiber-rein- 
forced thermoplastic elastomer composition No. 5 was employed in a content of 15 parts by weight in place of the ther- 
moplastic elastomer composition No. 1 . 

The fine fibers of the polyamide component (c) were in a content of 5% by weight based on the total weight of the 
elastic component (a) and the additional elastic component (B), and uniformly distributed in the knead-mixed elastic 
components (a) and (B). 

The test results are shown in Table 6. 

In Example 22, the same procedures and tests as in Example 14 were carried out, except that the fine fiber-rein- 
forced thermoplastic elastomer composition No. 6 was employed in a content of 1 1 .7 parts by weight in place of the 
thermoplastic elastomer composition No. 1 , and the additional elastic component (B) was employed in a content of 96.2 
parts by weight. 

The fine fibers of the polyamide component (c) were in a content of 5% by weight based on the total weight of the 
elastic compound (a) and the additional elastic component (B), and uniformly distributed in the knead-mixed elastic 
components (a) and (B). 

The test results are shown in Table 6. 
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Examples 23 to 25 

In each of Examples 23 to 25, the fine fiber-reinforced thermoplastic elastomer composition No. 4 indicated in Table 
5, an additional elastic component (B) consisting of the same natural rubber as for the elastic component (a), a carbon 

5 black (HAF), a process oil, zinc oxide, stearic acid, an anti-aging agent consisting of N-phenyl-N'-isopropyl-p-phenylen- 
ediamine (available under the trademark of 810-NA, from OUCHI SINKO CHEMICAL INDUSTRIES CO., LTD.), sulfur 
(vulcanizing agent), and a vulcanizing accelerator consisting of N-oxydiethylene-2-benzothiazolylsulpheneamide (avail- 
able under the trademark of Vulcanizing accelerator NS, from OUCHI SINKO CHEMICAL INDUSTRIES CO., LTD.) 
were mixed altogether in the amounts indicated in Table 7. The mixing procedure and the vulcanizing procedure were 

10 carried out in the same manner as in Example 1 4. A fine fiber-reinforced elastic material as obtained. 

The resultant fine fibers of the polyamide component (c) were in a content of 3% by weight (Example 23) to 7% by 
weight (Example 25) as indicated in Table 7, based on the total weight of the elastic component (a) and the additional 
elastic component (B). 

In the resultant elastic materials of Examples 23 to 25, the polyamide component (c) consisting of nylon 6 was uni- 
15 formly distributed in the form of fine fibers in the matrix comprising the natural rubber (NR). 

The resultant elastic material was subjected to the measurements of modulus of elasticity (100% modulus 200% 
modulus and 300% modulus), tensile strength and ultimate elongation and fatigue resistance at a constant rate of load- 
ing (load: 70 kg/cm 2 ) as mentioned above. 

The tests were carried out not only in a direction parallel to the orientation direction of the polyamide component 
20 (c) fine fibers but also in a direction at a right angle to the orientation direction of the polyamide component (c) fine fib- 
ers. 

The test results are shown in Table 7. The resultant fine fiber-reinforced elastic material exhibited significantly 
excellent 100%, 200% and 300% moduli, tensile strength, ultimate elongation and fatigue resistance in comparison with 
those of Comparative Example 7. Also, it was confirmed that the difference in the moduli and fatigue resistance at a 
25 constant rate of loading between the directions parallel to and at a right angle to the orientation direction of the reinforc- 
ing fine fibers dispersed in the elastic materials is small. 

Comparative Example 9 

30 The same procedures and tests as in Example 23 were carried out except that the fine fiber-reinforced thermoplas- 
tic elastomer composition No. 4 was omitted and the additional elastic component (B) (NR) was employed in a content 
of 100 parts by weight. The resultant elastic material was free from the reinforcing fine fibers. 
The test results are shown in Table 7. 

With respect to the moduli and the fatigue resistance at a constant rate of loading, substantially no directional dif- 
35 ference was found. However, those physical properties were significantly poorer than those of Examples 23 to 25. 

Comparative Example 10 

A fine fiber-reinforced elastic material was prepared and tested by the same procedures as in Example 23, except 
40 that the fine fiber-reinforced thermoplastic elastomer composition No. 3 containing no polyolefin component (b) was 
employed in a content of 15 parts by weight and the additional elastic component (B) consisting of the natural rubber 
was employed in a content of 90 parts by weight. 

In the resultant fine fiber-reinforced elastic material, the fine fibers of the polyamide components (c) (nylon 6) are 
dispersed in an amount of 5% by weight based on the total weight of the elastic component (a) and the additional elastic 
45 component (B). 

The test results are shown in Table 7. 

The moduluses and tensile strength of the resultant elastic material in the direction parallel to the orientation direc- 
tion of the fine fibers were about same as those in Example 24. 

However, the modulus and the fatigue resistance in the direction at a right angle to the fine fiber orientation direction 
50 were significantly lower than those in Examples 21 to 23. 
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Claims 



1 . A fine fiber- reinforced thermoplastic elastomer composition, comprising 
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(a) 100 parts by weight of an elastic component comprising at least one elastic polymer having a glass-transi- 
tion temperature of 0°C or less; 

(b) 30 to 500 parts by weight of a polyolefin component comprising at least one polyolefin; and 

(c) 10 to 500 parts by weight of a polyamide component comprising at least one thermoplastic amide polymer 
5 having amide group-containing recuring units, 

the polyamide component (c) being in the form of fine fibers and dispersed in a matrix formed from the elas- 
tic component (a) and the polyolefin component (b), and the elastic component (a), the polyolefin component (b) 
and the polyamide component (c) being chemically bonded to each other, through at least one binding agent (d). 

10 

2. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1 , wherein the elastic polymer for 
the elastic component (a) is selected from the group consisting of natural rubber, polyaliphatic diene elastomers, 
polyolefin elastomers, polymethylene elastomers, elastomers having an oxygen atom-containing backbone chain, 
silicone elastomers and elastomers having nitrogen and oxygen atom-containing backbone chain. 

15 

3. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1 , wherein the polyolefin compo- 
nent (b) has a melting temperature of 80 to 250°C and lower than the melting temperature of the polyamide com- 
pound (c), or a Vicat softening temperature of 50°C to 200°C. 

20 4. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1 , wherein the polyolefin for the 
polyolefin component (b) is selected from homopolymers and copolymers of olefins having 2 to 8 carbon atoms; 
copolymers of at least one olefin having 2 to 8 carbon atoms with at least one member selected from the group con- 
sisting of aromatic vinyl compounds, vinyl acetate, acrylic acid, acrylic acid esters, methacrylic acid, methacrylic 
acid esters, and vinyl silane compounds; and halogenated polyolefins. 

25 

5. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1 , wherein the polyolefin compo- 
nent (b) has a meltflow index of 0.5 to 50 g/10 min. 

6. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1 , wherein the polyolefin for the 
30 polyolefin component (b) is selected from the group consisting of high density polyethylenes, low density polyeth- 

ylenes, polypropylens, ethylene-propylene block copolymers, ethylene-propylene random copolymers, linear low 
density polyethylenes, poly(4-methylpentene-1), ethylene-vinyl acetate copolymers, and ethylene- vinyl alcohol 
copolymers. 

35 7. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1 , wherein the thermoplastic 
amide polymer for the polyamide component (c) has a melting temperature of 135°C to 350°C. 

8. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1 , wherein the thermoplastic 
amide polymer for the polyamide component (c) is selected from the group consisting of nylon 6, nylon 66, nylon 6- 

40 nylon 66 copolymers, nylon 610, nylon 612, nylon 46, nylon 1 1 and nylon 12. 

9. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1 , wherein in the matrix, the elas- 
tic component (a) is dispersed in the form of a plurality of islands in a sea consisting of the polyolefin component 
(b). 

45 

10. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1, wherein at least 70% by 
weight of the polyamide component (c) is in the form of a plurality of fine fibers dispersed in the matrix. 

1 1 . The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1 , wherein the fine fibers of the 
50 polyamide component (c) have an average thickness of 1 jxm or less, and an aspect ratio of 10 or more. 

1 2. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1 , wherein the polyamide com- 
ponent (c) is chemically bonded to the elastic component (a) and the polyolefin component (b) at a binding propor- 
tion of 0.1 to 20% by weight. 

55 

1 3. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1 , wherein the binding agent (d) 
comprises at least one member selected from the group consisting of silane coupling agents, titanate coupling 
agents, phenol-formaldehyde-precondensates, unsaturated carboxylic acids, unsaturated carboxylic acid deriva- 
tives and organic peroxides. 
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14. The fine fiber- reinforced thermoplastic elastomer composition as claimed in claim 1 , wherein the binding agent (d) 
is employed in an amount of 0.1 to 2.0 parts by weight per 100 parts by weight of the elastic component (b). 

15. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1, wherein the thermoplastic 
amide polymer for the polyamide component (c) is one modified with a binding agent (d') comprising at least one 
member selected from the group consisting of silane coupling agents, titanium coupling agents, unsaturated car- 
boxylic acids, unsaturated carboxylic acid derivatives, and organic peroxides. 

16. The fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 14, wherein the binding agent 
(d') is employed in an amount of 0.1 to 5.5 parts by weight per 100 parts by weight of the polyamide component (c). 

17. A process for producing a fine fiber-reinforced thermoplastic elastomer composition, comprising the steps of: 

(1) melt-kneading a mixture comprising (a) 100 parts by weight of an elastic component comprising at least 
one elastic polymer having a glass-transition temperature of 0°C or less, (b) 30 to 500 parts by weight of a poly- 
olef in component comprising at least one polyolef in and (d) a binding agent, at a temperature equal to or higher 
than the melting temperature of the mixture, to provide a matrix mixture; 

(2) further kneading the matrix mixture together with (c) 10 to 500 parts by weight of a polyamide component 
comprising at least one thermoplastic amide polymer having amide group-containing recurring units, at a tem- 
perature equal to or higher than the melting temperature of the polyamide component (c), to provide a precur- 
sory composition in which the polyamide component (c) is dispersed in the form of fine particles in the matrix 
mixture; and 

(3) extruding the precursory composition through an extruding die at a temperature equal to or higher than the 
melting temperature of the polyamide component (c), while cooling and drawing or press-rolling the extruded 
precursory composition at a temperature lower than the melting temperature of the polyamide component (c), 
to form the polyamide component (c) into fine fibers dispersed in a matrix comprising the elastic compound (a) 
and the polyolef in component (b) and to cause the components (a), (b) and (c) to be chemically bonded to each 
other through the binding agent (d). 

18. The process as claimed in claim 17, wherein in the melt-kneading step (1), the polyolefin component (b) is melt- 
kneaded together with the binding agent (d), and then a mixture of the polyolefin component (b) modified with the 
binding agent (d) with the elastic component (a) is melt-kneaded at a temperature equal to or higher the melting 
temperature of the mixture. 

19. The process as claimed in claim 17, wherein in the melt-kneading step (1), the elastic component (a), the polyolefin 
component (b) and the binding agent (d) are mixed altogether and then the mixture is subjected to the melt-knead- 
ing procedure. 

20. The process as claimed in claim 17, wherein before the further kneading step (2), the polyamide component (c) is 
modified with a binding agent (d') comprising at least one member selected from the group consisting of silane cou- 
pling agents, titanium coupling agents, unsaturated carboxylic acids, unsaturated carboxylic acid derivatives and 
organic peroxides, by melt-kneading. 

21. The process as claimed in claim 20, wherein the binding agent (d') is employed in an amount of 0.1 to 5.5 parts by 
weight per 100 parts by weight of the polyamide component (c). 

22. The process as claimed in claim 17, each of the melt-kneading step (i) and the further kneading step (2) is carried 
out by using at least one kneading machine selected from the group consisting of a Banbury mixer, kneaders, 
knead-extruders, open kneading rolls, monoaxial kneaders and biaxial kneaders. 

23. The process as claimed in claim 17, wherein the further kneading step (2) is carried out at a temperature higher 
than the melting temperatures of the elastic component (a) and the polyamide component (c). 

24. The process as claimed in claim 1 7, wherein the further kneading step (2) is carried out at a temperature of at least 
30°C above the melting temperature of the polyamide component (c). 

25. The process as claimed in claim 17, wherein in the extruding step (3), the extruding procedure is carried out at a 
temperature of at least 30°C above the melting temperature of the polyamide component (c). 
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26. The process as claimed in claim 1 7, wherein in the extruding step (3), the extruded composition is drafted at a draft 
ratio of 1.5 to 100. 

27. A fine fiber-reinforced elastic material comprising: 

5 

(A) the fine fiber-reinforced thermoplastic elastomer composition as claimed in claim 1, and 

(B) an additional elastic component comprising at least one elastic polymer having a glass-transition tempera- 
ture of 0°C or less, and knead-mixed with the fine fiber-reinforced elastomer composition (A), 

10 with respect to 100 parts of the total weight of the elastic component (a) and the additional elastic compo- 

nent (B) p the polyolefin component (b) being present in an amount of 1 to 40 parts by weight, and the polyamide 
component (c) being present in an amount of 1 to 70 parts by weight. 

28. The fine fiber-reinforced elastic material as claimed in claim 27, wherein the additional elastic component (B) is 
15 present in a weight ratio to the fine fiber-reinforced thermoplastic elastomer composition (A) of 20:1 to 0.1 :1 . 

29. The fine fiber-reinforced elastic material as claimed in claim 27, wherein the elastic component (a) and the addi- 
tional elastic component (B) are vulcanizable. 

20 30. The fine fiber-reinforced elastic material as claimed in claim 27, wherein the elastic component (a) and the addi- 
tional elastic component (B) are vulcanized. 

31. A process for producing a fine fiber-reinforced elastic material, comprising knead-mixing the fine fiber-reinforced 
thermoplastic elastomer composition (A) as claimed in claim 1 with an additional elastic component (B) comprising 

25 at least one elastic polymer having a glass-transition temperature of 0°C or less, at a temperature of equal to or 
higher than the melting temperature of the polyolefin component (b) and lower than the melting temperature of the 
polyamide component (c), 

with respect to 100 parts of the total weight of the elastic component (a) and the additional elastic compo- 
nent (B), the polyolefin component (b) being present in an amount of 1 to 40 parts by weight, and the polyamide 
30 component (c) being present in an amount of 1 to 70 parts by weight. 

32. The process as claimed in claim 31 , wherein the fine fiber-reinforced thermoplastic elastomer composition (A) and 
the additional elastic component (B) are knead-mixed together with (C) a vulcanizing agent, and the resultant mix- 
ture is subjected to a vulcanizing procedure at a temperature of 1 00°C to 80°C and lower than the melting temper- 

35 ature of the polyamide component (c). 

33. The process as claimed in claim 32, wherein the vulcanizing agent is used in an amount of 0.1 to 5.0 parts by 
weight per 100 parts of the total weight of the elastic component (a) and the additional elastic component (B). 

40 34. The process as claimed in claim 32, wherein the vulcanizing procedure is carried out in the presence of a vulcan- 
izing accelerator in an amount of 0.01 to 2.0 parts by weight per 100 parts of the total weight of the elastic compo- 
nent (a) and the additional elastic component (B). 
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REACTIONS BETWEEN COMPONENT (a) , (b) AND(c) 

Ny: POLYAMIDE (NYL0N6) 

NR: ELASTRIC POLYMER (NATURAL RUBBER) 

PP: POLYOLEFIN (POLYPROPYLENE) 
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Fig. 3 
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